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INTRODUCTION. 



1. Captain Cuttle's recommendation to make 
a note of a fact, when once it has been foand, has 
long since passed into a familiar and well-ap- 
proved-of bj-word. The full advantage of the 
operation, however, is not obtained until the 
note made has been put where it can be easily 
referred to again whenever wanted. 

2. Scientific literature has long since become 
an immense storehouse of facts, the contents of 
which are so arranged that in many cases it is 
very difficult indeed to find the individual state- 
ment wished for. Every year the difficulty in- 
creases, and efforts are made from time to time 
to meet it by means of records, annuals, classified 
catalogues, digests and indexes. These works 
are unquestionably useful, and all honour is due 
to those who have conceived and executed them ; 
but the principles upon which they are based do 
not seem calculated to supply the great deside- 
ratum, viz. a bimple, uniformly arranged key to, 
and summary of, science. 

3. A plan for effecting this is here proposed. 
It is to thoroaghly search each paper or volume 
and arrange its contents under specified headings 
classified according to a definite order. In this 
way the information supplied by that particular 
paper or volume is placed within easy reach of 
everyone. By extending this process to other 
papers and volumes, fresh facts are obtained and 
deified. The larger the area of literature the 
process is applied to, the more useful becomes 
the collection of systematised notes. When a 
large number of books have been thus treated, 
the analyser finds that owing to repetition each 
additional work which is examined contains com- 
paratively little that has not already been entered 
in the notes. The systematisation of notes, 
hence, necessarily results in the most compen- 
dious condensation and concentration possible 
of all that is wanted in scientific literature, so 
arranged that, generally, any particular fact 
^ould be far more accessible in its new position 
than where it was originally placed. 

4. The * Scientific Koll ' will endeavour to 
develope this idea. It would be impossible to 
complete the task without a great deal of 
organised co-operation. Still it ts hoped that 
the beginning here offered will be found suffi- 
ciently useful to lead to the plan being carried 
out on a larger and more efficient scale. When 
it is considered that there are upwards of six 
thousanrl distinct scientific serials it will be mani- 
fest that the * Scientific Boll ' does not claim 
to make any approach to completeness, except in 
so far as relates to the books or articles which 
are marked as having been read. 

5. Notes thus collected may have a somewhat 
disconnected appearance lo far as the want of 
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fluency of language is concerned, but the con* 
tiguous statements usually have such a dote 
connection with each other that the flow of 
ideas is unexpectedly even, so that not only are 
lines of thought suggested, but facilities are 
offered for following them out, which books as 
a rule do not afford. 

6. An opportunity will be taken at a later 
period for giving a full explanation of the system 
developed in the following pages. Here, how- 
ever, it may be mentioned that although passages 
are often taken verbatim, quotation marks are 
not given. In all cases the endeavour is to give 
the substantial meaning as briefly as possible; 
so that when it happens that to follow the actual 
words of the author would be useless verbosity, 
the passage is summarised. No attempt is 
made at altering the sense, or correcting mis* 
takes of fact or spelling, or modifying anything 
which bears upon the subject of the heading 
Everything unconnected with the subject under 
consideration for the time is omitted. Hence it 
will be clear that for purposes of quotation the 
original work must be consulted. Correction 
of errors, comments and explanatory remarks 
by the Conductor or his coadjutors, will invariably 
be placed in footnotes. 

7. Considerable help has been afforded by the 
Royal Society's Catalogue of Scientific Papers, 
Nature^ and many other useful repertories. Full 
acknowledgments of this kind will be made at 
the close of each section of the work. The 
matter is mentioned here because in the case of 
titles, and such like data, it would be inconve* 
nient and unusual to cite the work whose 
authority is relied on for them. Many of the 
titles have been independently verified. 

8. Explanations of the contractions used will 
be given in due course. One or two, however, 
require elucidation now. Every item, whether 
it be a paper, or a volume, or a series which hv 
been examined and the facts afforded by it placed 
in the notes, is marked ra if the article only 
has been read; rv if the volume has been 
analysed ; and rs if the series has been searched ; 
but when such item has been read too late for 
the insertion of the facts in their proper place 
in a previously published part of the magarine, 
it will be marked rp, 

9. Authors desirous of securing a notice of 
their publications will be conferring a favour 
by sending a copy of them to the Conductor, 
which will be returned to them, if desired, as soon 
as they have been analysed. Publisher! and 
authors are respectfully asked to send early notice 
of all publications bearing upon meteorology, at 
by so doing they will enable the Conductor to 
incorporate the moat recently published works, 
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1. The local weather changes are often and 
in many places so frequent and so abrupt 
that many nations have regarded the observed 
succession of cold and heat ; of rain, snow, hail, 
storms of wind, and of fine weather ; of electrical 
disturbance and of electrical calm, as almost 
matters of chance. Indeed the changes of the 
weather are commonly referred to as typical of 
fickleness. In other cases, where a number of 
laws have worked together for the production 
of a single event, individuals are prone to say 
that chance, not law, has brought it about. 
The knocking-down of a person by a vehicle in 
the crowded streeta of a city ; the so-called 
trifling events w^hich accompany the perpetra- 
tion of a crime or the achievement of a national 
blessing ; the arrangement of the stones on a 
|>ebble beach or of the stars in the heavens ; the 
collocation of two or three individual particles in 
this or that particular muscle or other orga- 
nised structure ; the event of two black balls 
being drawn from a heap of a 1000 balls, 500 
of which are black, and 500 white — all tliese, 
and countless other examples which the reader 
can easily supply, are said to be (to a greater or 
less degree) dependent upon chance. But when 
each individual case is followed out in detail 
and the cases of the like kind are grouped 
together, then the larger the number of ex- 
amples forming each group the more evidently 
are the laws which governed its occurrence 
made manifest. Thus with reference to the 
persons who are knocked down by vehicles in 
the streets of London, the active concomitants 
are so regular that it is possible to say before- 
hand, with a near apprcach to accuracy, how 
many persons will be run over in the ensuing 
week, and what proportion the fatal injuries 
will bear to those which are not fatal. The 
degree of accuracy of the prediction will depend 
npon the fulness of the knowledge possessed of 
the concurrent circumstances which produce 
such accidents. And so it is with the other 
illustrative instances mentioned. The arrange- 
ment of the pebbles npon a beach is undoubtedly 
the result of the action of many definite laws, 
and so also, scientific faith compels us to believe, 
are the mazy arrangements of the starry hosts 
of heaven and of the countless molecules of 
matter. 

2. As then the rational grouping of like 
circumstantialities enables the statistician to 
discern law where chance is ordinarily supposed 
to prevail, so the methodical grouping of facts 
will allow of the deduction of conclusions which 
would not hare bc4*n revealed by the scattered 
2 



facts. Scientific faith constrains us to adroit 
that law, not chance, leigns over the succession 
of the least, as well as of the most, striking of the 
weather phenomena. In proportion as kuow- 
ledge increases so will faith change into a 
firmer and firmer conviction that law prevails 
in these phenomena ; and doubtless with perfect 
knowledge there would be absolute conviction 
that there is no such thing as chance. Then, 
indeed, it would be felt that only two positions 
can be consistently maintained — the one is that 
everything is a matter of chance, the other that 
everything is a matter of law; or, in other 
words, that the universe is under the rule of 
nothing (which is tantamount to saying it is 
under no rule at all), or the rule of God. There 
is no middle position, so that when anything 
is said to happen by chance, the meaning must 
be understood to be that it happens according 
to certain laws, but owing to ignorance of those 
laws, the how and the why such a thing has 
happened is beyond the i>resent condition of our 
understanding. 

3. Of late years weather knowledge hns made 
such important advances, that the perusal of u 
few pages will probably leave an impression 
on the mind of the reader that there are weather 
laws, and that meteorological science will 
become as definite as many of the more advanced 
sciences. 

4. In the present essay the purpose is simply 
to allude to some facts which indicate the 
existence of a diurnal periodicity, that is, of a 
complete succession of climatic events which 
runs its course within a period of twenty-four 
hours. The variations which this {leriodicity 
may present according to place, and the 
causes which actually and apparently bring 
about these variations, will be left for further 
consideration. 

5. The sun is, or appears to be, the great 
factor in climate; and the relative positions 
and movements of the earth and sun seem to be 
most intimately connected with the most pro- 
minent climatic periodicities. But there are 
also periodicities dependent upon other causes, 
which causes probably are the movements and 
positions of the moon and planets relatively to 
each other as well as to the earth, the sun and 
space, and the changes which are slowly 
worked out from age to age in the physical 
geography of the earth itself. But further 
allusion to these b unnecessary, as the move- 
ment of the earth with resi>ect to the sun is, 
to all appearance, the chief, if not the only, 
operating cause of the diurnal periodicity. 
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6. In consequence of the earth's rotation on 
its axis the sun appears on the eastern horizon 
in the lower latitudes, gradually ascends to its 
highest point in the heavens, then descends to 
its setting on the western horizon, and remains 
ioTisible for a time until it has completed its 
circuit bj reappearing on the eastern horizon. 
This circuit is effected in twentj-fuur hours. 
On and near the equator the days and nights are 
of equal length all the year round, but as we 
advance towards the poles the apparent motion 
of the sun in the sky declines from the vertical 
plane so that the relative lengths of the day 
and night fluctuate about the two poles of 
equality at the spring and autumn equinoxes; 
the days wax longer from the spring equinox 
till midsummer, and then wane to the autumn 
equinox. Then the nights become longer than 
the days, increasing in length fill midwinter; 
after which they shorten again till the spring 
cHjuinox. The degree of maximum inequality 
between daylight and darkness increases as we 
proceed pole-wards. Beyond the polar circles 
the duration of the presence or absence of the 
sun extends over more than twenty-four hours, 
so that the diurnal period vanishes for a portion 
of the year. The proportion of the year during 
which this diurnal movement is non-apparent 
increases until at and near the poles the ap- 
parent solar motion has become horizontal, and 
the periods of sun-presence and sun-absence 
are six months in length. In the north hemis- 
phere the diurnal movement is from the left to 



been restricted to the supra-horizontal presence 
of the sun, but the remarks are so manifestly 
applicable to light that no observations with 
instruments are required to convince us that 
light, as a climatal element, has a periodicity of 
the same kind ; and that the occasional oc- 
currence of dark days in consequence of fogs, 
showers of volcanic ashes, flighty of insects, 
and other circumstances, does not obscure the 
evidence. 

8. As light and heat are close companions it 
might be presumed that temperature is subject 
to similar alternations ; but in this case instru- 
mental observations have been made in abundance, 
and the mind feels the need of other evidence 
than what is afforded by general scrutiny. The 
theoretical alternations in the intensitv of light 
may be inferred from the movements of the sun, 
but practically the actual periodicity differs 
somewhat from the theoretical owing to the 
refractive power of the atmosphere and to 
various local circumstances. The theoretical 
annual mean would occur at the equinoxes and 
would be represented by a curve with arms of 
equal gradient ancf with six hours above and six 
hours below the mean. The graphic representa- 
tion, then, of a semi-diurnal periodicity of 
twelve hours consists of a single hump with 
slojies of equal gradient, as in Fig. 1. As the 
duration of light each day increases, the hump 
will broaden and its height lessen in proportion 
to the lessened maximum intensity of the light, 
until with a diurnal periodicity of almost 
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7a.m. 8 9 10 11 12 1 S 3 4 6 6 p.m. 7 
Fig. 1, Theoretical seml-dinroal line. 
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the right of the observer, while in the south 
hemisphere the direction is from right to left. 
Thus although the earth rotates on its axis 
once in twenty-four hours, the oblique position 
of that axis, relatively to the position of the 
san's axis in space, causes the length of the 
longest day to increase from twelve hours to 
six months during one half of the year, and to 
decrease from twelve hours to zero during the 
other hal£ The two hemispheres stand in 
opposite relations to each other as regards 
daylight, so that if we select two antipodal 
places the mean time during which the sun is 
above the horizon is twelve hoars on every day 
in the year. So again, if we take the mean 
duration of son-presenoe on two days six months 
apart, it will be found to be twelve hours aU the 
year ronad. 

7. In the preceding paragraph attention has 



twenty-four hours the cnrve would be repre- 
sented graphically by a broad hump with 
gradients less than those shown on the equinoxial 
curve ; while in this flatter curve about twelve 
hours would be above, and twelve below, the 
mean, as shown in Fig. 2. In this case the 
means would be at 6 ▲.](. and 6 p.m. If the 
increment and, decrement were equal for equal 
portions of time, the lines would be straight ; but 
as the changes are modified in rate by the 
thickness of air through which the rays pass, 
the lines assume a curved form. 

9. The heat which is supplied by the snn 
during the day is absorbed by the ground and 
by the air resting u\yoii it, and is retained by 
them after the sun has set. There is usually 
a loss of a portion of this absorbed heat during 
the night, but in most instances such loss is 
gradual, so that the accession of heat during 
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the day has a greater and more prolonj^ 
influence on the nocturnal temperature than 
the daylight has upon the succeeding period of 
darkness. Hence the increase and decrease of 
heat normally extends over the whole twenty- 
four hours, thus giving rise to a diurnal periodi- 
city. In the construction of diurnal curves it 
is important to beur in mind that the observa- 
tions should be such as have been taken at 
times equal-distanced apart over the whole 



tion as to the hours ; but as he records the 
highest and lowest temperatures observed, these 
help to supply the deficiency in Erskine's figuren. 
The mean of the maximum temperatures is 77° 
and of the minimum not above 40°. In a subse- 
quent journey through the Limpopo basin, 
where his former explorations were, Erskine 
notices that from March G, the mornings became 
so cold that the blankets which had been dis- 
I carded since September were again brought 
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Fig. S, Thcon-tical diurnal line. 



twenty-four hours, and that those times should 
embrace the epochs of maximum and miuimum 
range. This matter is not of material impor- 
tance when the object is simply to trace the 
existence of a diurnal periodicity; but it is 
essential when the rate of increase and decrease 
at different localities has to be determined. 
The point is mentioned here because it has been 
desirable to utilise observations which sufBce for 
drawing a portion of the diurnal cun'e in the 



into use. From these scattered materials we 
are able to infer that the mean night minimum 
temperature in July in certain parts of the 
Limpopo basin is not above 40°. Assuming 
this to be so, and that the moment of minimum 
cold is shortly before sunrise, the following 
diurnal curve may be drawn. It is not to be 
imagine<l that such a cun'e is more than a rough 
approximation to the truth ; but these par- 
ticulars are given to show how scattered isolated 



#a 




45S789 10 1112 123 466789 10 11 12 1234 p.m. 
Fig. 3. Ilypotbctical diurnal curve for July 1878, in the Limpopo river basin. 



formation of a complete curve. For instance, 
Erskine made some observations in July 1868, 
on the line of the southern tropic in Africa 
which gave a mean of 73° Fahr. at 9 A.M. ; of 79° 
at noon ; and of 88° at 3 p.m. These figures 
taken by themselves are of little or no value for 
the present purpose. They indicate a rise from 
9 A.M. to 3 P.M. without giving any clue to the 
times or degrees of the maximum and minimum 
temperatures. From 9 A.M. to noon the rate of 
increase is 2° per hour, and from noon to 3 p.m. 
it is 3°. So far as it goes the evidence would 
induce us to infer there was a continuous rise 
up to 3 p.m., and possibly beyond that hour. 
Incidental mention is made that the temperature 
of the water is 64° ; but the hour of observation 
is not stated, and a guess has to be hazarded 
that the water is river water. The minimum, 
then, would presumably be below 64°. In 
July 1869, Baines collected some thermometrical 
data in about the same district, the value of 
which is 'diminished owing to want of inforraa- 
4 



notes may have their value enhanced by being 
placed side by side. The reason why these 
special figures were taken is because wishing to 
show proof of the existence of a diurnal periodi- 
city of temperature on the line of the southern 
tropic of Africa, no better evidence was readily 
to be found, and these had been collected and 
systematised. All were found in less than 
half an hour. Facts, however, are not wanting 
which will sufHce to show that there is un- 
questionably a diurnal periodicity of temperature 
in the inter-tropical region of Africa. Watson 
made observations at Rigaf in December 1874. 
This locality is in 4° 44' 32" N. lat. The mean 
temperature at 9 a.m. was 82 '8° ; at 3 p.m. 94° ; 
and at 6 p.m. 82° ; the mean maximum in the 
day was 95°, and the mean minimum at night 
69 * 5°. The maximum was clearly not at 3 p.m. ; 
but judging from analogy and the probabilities 
of the case it was before rather than after that 
hour. The increase and decrease of temperature 
was markedly regular. The range during tlie 
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twenty-four hours raried from 30° to 3d°, but 
at the specified honrsi it never ezceedejl 9°. 
According to Skertchley the average daily 
temperature in Wassaw, a territory on the 
Gold Coast which lies between b° and 6° N. 
lat., is 75'' Fahr., and that of the night 65°. On 
the Victoria river in Australia, at 15° 30' S. lat., 
WiLton found that the minimum temperature 
occurred about an hour before sunrise ; and 
that the records for nine months gave an 
average of 72-8° at 6 A.M. ; 92-3° at 1 P.M.; 
and 85 * 5° at 6 P.M. On the lower Amazon, as 
at Para, which lies close to the equator, the 
temperature is remarkably equable, the mean 
daily temperature according to Orton's observa- 
tions beiug 80*2°. The maximum is reached at 
2 P.M. and the nights are invariably cool. At 
Quito, where Orton stayed for a time and 
registered the thermometric readings, the tem- 
perature is very equable. Like Para it is 
situated close to the equator, but the heat is 
much moderated owing to its great elevation 
above the sea. The range in the twenty-four 
hours b about 10°; the coldest hour is at 
6 A.M., and the warmest between 2 and 3 p.m. 
At Paca-yacu, in Ecuador, Spruce observed the 
minimum temperature to occur at 6.30 A.M., 
when it was generally 68°; the maximum wsis 
reached at from 2 to 3 P.M., when the tempera- 
ture usually rose to 81°. At Trevandrum, in 
S. India, between 8° and 9° N. lat., the mean 
annual daily temperature rises from a minimum 
of 74° between 5 and 6 A.M., ascends to 85° at 

1 P.M., and then sinks to 76° at midnight. In 
New Guinea, a little south of the equator, the 
temperature during the northern summer 
changes little during the day, but the nights 
are cold. In June the temperature on the 
Octanata river, as recorded by Dr. S. Milller in 
18*28, was 77° in the morning just before 
sunrise, 84° at noon, and about 78*4° towards 
evening. These illustrations from tropical 
Ittcalities, and were it necessary many others 
could be cited, all showing the same general 
feature, plainly manifest a diurnal thermic 
periodicity. No exceptions whatever are known. 
There are differences in the rate and extent of 
the increase and decrease of the temperature 
according to locality, but such differences do not 
in any way obscure the evidence. As a general 
mle the duly maximum in equatorial regions 
exceeds the minimum by about 5° on the land, 
bat not more than 2° or 3° on the sea. On the 
land the maximum is reached between two and 
three in the afternoon ; but at sea, at or soon 
after midday; while both on land and at sea 
the minimum occurs a short time before the 
sun rises. Recurring then to the observations 
made by Erskine, it may reasonably be con- 
jectured that the 3 P.M. data should be placed 
not on the rising curve, but on the downward 
slope just beyond the turn. In other words, the 
maximum was probably 89° or 90° soon after 

2 P.M. 

10. In the regions between the tropics and 
the circompolar drcles the available obsei-va- 
tioDs are more numerous, precise, and reliable. 
A few selected instances need only be given 



here. Riippell made observations at Gondar, in 
Abyssinia, during the winter of 1832-3. The 
means were 57*5° at 5.40 A.M. ; 68*5 at 9.6 a.m ; 
75-8° at 12.30 P.M. ; and 74-3° at 3.33 p.m. 
In all probability the maximum was before 

3 P.M., but is not shown here ; the temperatures 
at 9 P.M. and midnight are also required to be 
known for the ascertainment of the true diurnal 
progression of temperature. At Plymouth the 
mean annual daily temperature starts from a 
minimum of 47° Fidir. between 4 and 5 A.M., rises 
to the mistximum of 55° between 1 and 2 P.M., 
and, declining to 47° at midnight, slowly sinks 
to the minimum. At the Stouyhurst observatory, 
Blackburn, in Lancashire, the hour of daily 
maximum ranges from noon in December to 

4 P.M. in June and July, and, indeed, at most 
places the hour of maximum varies more or less 
with the length of the day. At Paris the 
average annual daily temperature is at its maxi- 
mum at 2 P.M., being 58° Fahr. ; the minimum 
is 44*8° at 4 A.M.; and the mean, 51*3°, occurs at 
8.20 A.M. and 8.20 p.m. The observations made 
by Hayward in January 1869, at Yarkand, in 
Tibet, gave the following averages : — 

Sunrise 13° Fahr. 

9 A.M 21° 

Noon 29° 

3 P.M 31° 

6 P.M 27° 

9 P.M 23° 

The time of the mmimum, as well as of the 
maximum, varies according to the length of the 
day in the middle latitudes; the minimum 
occurring earlier in proportion as the days 
lengthen, while the maximum gradually becomes 
later as the evening light is extended. 

11. The evidence harmonises well with what 
has been stated with respect to the duration of 
light. All the facts tend to show that the rise 
and fall of daily temperature is so far dependent 
upon the presence and position of the sun, and 
the rotation of the earth upon its axis, that a 
marked diurnal periodicity is plainly discernible 
wherever night and day follow each other during 
each rotation of the earth. In the Polar regions 
there is a periodicity of the same kind, although 
it is not so decided as in the lower latitudes. 
This is shown by the observations made on board 
the £rtbu8 and Terror while cruising in the 
Southern summers of 1841, 1842, and 1843, 
between 60° and 78° S. lat. The figures are 
those given by Moseley. 

4a.m 28-795° 

8a.M 30*065° 

Noon 31-540° 

4 P.M 31-594° 

8P.M 28-956° 

Midn 28-892° 

The hours selected were not likely to show the 
maximum ; this probably occurred between noon 
and 4 P.M., and if anything nearer 4 than noon. 

12. The foregoing results are based upon the 
facts afforded by thermometers placed a short 
distance above the ground, and therefore must be 
accepted as applying to that level only ; because 
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from the inyestigations of DineA, Hamberg, and 
Glaisher, as well as from certain casual observa- 
tions made by meteorologists and others on the 
appearance and disappearance of clouds, there is 
known to be a diurnal periodicity in the vertical 
distribution of temperature, the maxima and 
minima of which occur at different hours from 
those already noticed. Nevertheless the evidence 
is conformable and consistent. The temperature 
varies with elevation above the ground, and 
passes through acomplete succession of variations 
in the course of each twenty-four hours. The 
observations made render it probable, it might 
be said almost certain, that during the hotter 
hours of the day the temperature decreases with 
elevation above the ground, while it increases 
with elevation during the cooler hours of the 
night. The rate of increase seems to bear some 
proportion to the radiation of heat from the 
ground, while the decrease bears a similar rela- 
tion to the radiant power of the sun on the 
ground. According to Dr. Hamberg the lowest 
strata of the air are the coolest from two to three 
hours before sunset to at least two or three hours 
after sunrise. Glaisher infers from observations 
made by him at different levels from 22 feet above 
the ground and less that the higher strata are the 
warmer at night throughout the year in Eng- 
land ; that this phenomenon extends to the 
afternoon hours in March, September, and 
October, and to all the hours of the day in 
January, February, November, and December. 
Burton and other travellers have remarked that 
the natives of Africa and other countries 
habitually encamp on slightly elevated spots 
for the purpose of avoiding the cold of the lower 
situations, and gardeners have frequently noticed 
with surprise that, during severe frosts, the 
plants above a certain height have escaped in- 
jury thereby, owing to this law of increase of 
temperature with elevation under particular 
circumstances. But the phenomenon evidently 
extends to greater heights, as is manifested by 
the frequent gradual increase of clouds from 
nmrise to 3 P.M., followed by their gradual dis- 
appearance until all have vanished, leaving the 
sky clear at and about sunset. 

13. The connection between heat and evapo- 
ration is so close that the facts about to be men- 
tioned in illustration of the diurnal periodicity 
connected with aqueous vapour, would in many 
instances serve equally well as illustrations of the 
above indicated diurnal periodicity in the change 
of rate of alteration of temperature vrith height 
above ground. This part of the subject is more 
complicated and less easy to comprehend owing 
in part to a paucity of suitable observations, 
and in part to some of the evidence apparently, 
but only apparently, pointing to a different con- 
clusion from the remainder. However, as this 
question of the nature and causes of local dif- 
ferences will be considered when the variations 
from the general rule are discussed, it need not 
be further alluded to here. Suffice it to sny 
that the facts confirming or pointing to the 
existence of a twenty-four hourly period in con- 
nection with aqueous v»pour are convincing 
enough, when taken in conjunction with the 
8 



evidence relative to the other elements, to 
warrant the belief that the daily periodicities 
of increase and decrease of humidity, increase* 
and decrease of vapour tension, and of the 
vertical distribution of the dew {>oint (or 
rather of the place of maximum humidity), are 
harmonisable and correlated with those pre- 
sented by light and heat. 

14. The subject of aqueous vapour as an element 
of climate presents several aspects, each of which 
should be kept distinct from the others. One 
is the rate at which the vapour is supplied or, in 
other words, alternations in the intensitv of eva-- 
poration ; another is the variation in the absolute 
amount of aqueous vapour in the nir ; and a 
third is the changing ratio which this absolute 
amount may bear to the quantity wliich would 
suffice for perfect saturation. It would occupy 
too long to treat all tliese, and therefore the dis- 
tribution of the dew point and of maximum 
humiditv will be selecte<i on account of its 
affording the most striking exemplification of 
periodicity. But in order to connect this part 
of the evidence with that which has gone he- 
fore, a few lines may be devote<l to the data 
respecting the amount of aqueous vapour in the 
air. This amount depends u|>on the temperature, 
and its variations coincide in the main with 
those of temperature. The greatest quantity 
prevails during the hottest hours of the day 
(provided there is a source of supply of va|»our 
within a moderate distance), while the smallest 
quantity is found during the coldest hours. 
The diurnal curve, th n, of the amount of 
aqueous vapour usually agrees with that of tem- 
perature. It frequently happens that there is 
only a moderate source of supply, and then the 
quantity seems to diminish during the hotter 
hours. This is owing to the upward diffusion of 
the vapour and the consequent lessened amount 
of it in a given bulk of air. 

15. The dew ]>oint and zone of maximum 
humidity occur in the coldest section of the 
vertical column of air. As a rule it is situateil 
on the ground, csi>ccially on clear nights, and 
about sunrise it gradually ascends in the air 
until it has reached the zone where clouds are 
usually formed. As the time of maximum 
clou<l occui*s some hours after that of maximum 
dew, the probability is that this z<inc of maxi- 
mum humidity gradually ascends from the time 
of sunrise until it reaches the cloud zone. 
Towards evening it again descends, reaching the 
ground when the dew forms, shortly before or 
shortly after sunset. If this view be correct 
then analogy would induce us to infer that fr<»m 
this zone of maximum humidity there is an in- 
crease of temperature downwards towards the 
ground and upwards as far, ]>erhaps, as the 
normal position of the cloud zone. By way of 
illustration take the following observations made 
by Flammarion during balloon voyages from Paris, 
and other places in France. On June 10, 1867, 
he started from the ground at sunrise, at a time 
when the horizon was misty, and the fields 
covered with a fog which gave them the ap)>ear- 
ance of lakes. The humidity was 93 on the 
ground, and it increased to its maximum of 08 
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«t the height of 492 feet. Above that it gra- 
dually diminished to 93 at 919 feet, 92 at 984 
feet, 86 at 2461 feet and 61 at 4101 feet. On 
April 18, 1868, an ascent was nuule from Paris 
at 3.15 in the afternoon. The humidity on the 
ground was 73, and increased to 74 at 2546 feet, 
75 at 2950 feet, 76 at 3412 feet, and 77 at 3773 
feet. This was the maximum, and above this 
there was a gradual decline to about 30 at the 
height of 98-^ feet. From the observations made 
daring his numerous balloon tripe, he concluded 
that the zone of maximum damp varies in eleva- 
tion according to the time of the day, season of 
the year, and other circumstances; and that 
occasionally it occurs near the surface of the 
ground, especially at dawn. At Greenwich the 
result of several years of investigation was that 
(calling a cloudless sky 0, and one entirely over- 
cast 10), the daily mean was 6*04 at 9.20 P.M., 
from which time there was a progressive in- 
crease as follows : — 

11.20 p.m. 6-14 

1.20 a.m. 6-41 

3.20 „ 676 

5.20 „ .... 6-84 

7.20 „ 6-89 

9.20 „ 710 

11.20 „ 714 

From this time there was a gradual decrease : 

thus, 

1.20 P.M. 711 

3.20 „ 7-00 

5.20 „ 6-61 

7.20 „ 6-23 

At Rome the period of maximum cloudiness 
is from noon to 5 P.M. In the tropics during 
the rainy season the weather is so uniform that 
alnoost every day Ls characterised by the clear- 
ness of the sky at sunrise, the appearance of 
clouds at 10 A.M., their rapid increase till noon 
when the rain pours for a few hours, generally 
ceasing about 4, and then the clouds rapidly 
disperse, allowing the sun to set in unclouded 
glory. At Lucknow, as Bonavia observed in 
October, 1877, the clouds appeared day after 
day in the late morning hours and increased to 
a considerable extent before 3 P.M. After that 
hour they dispersed again, but did not quite dis- 
appear till about two hours after sunset. In 
Natal, as Dr. Mann informs us, it b usual for 
the sky in summer to get cloudy soon after noon, 
and to be overcast to a late hour at night, when 
the sky again clears. He also indicates that on 
the grouiid the condition of things is the reverse 
of that in the cloud zone, as the mean humidity 
at Maritzburg at 9 A.M. for a period of eight 
years was 71 '2; at 3 P.M. it was 60*1, and at 
9 P.M. it was 83*4. In the Sahara desert the 
minimum humidity near the ground occurs at 
about 2 PJi. Under certain conditions, more 
esspedallj in localities near large lakes the order 
of things seems to be different, although a diurnal 
periodicity is still evident. Thus near lake 
Tanganyika, Barton states that sunrise is seldom 
clear, and that, if it is so, clouds gather in the 
forenoon n^th the rising wind, but disappear 



again between noon and 3 P.M., owing, in his 
opinion, to their being melted by the fervent heat 
of the sun ; but as he also alludes to a marked 
fall in the wind, this circumstance may have 
some influence in the matter. Thick misU 
collect about sunset, and, as a rule, the skies at 
night are more or less clouded. At Geneva, 
again, where Plantamour has made observations 
for upwards of fifty years, the least amount of 
vapour occurs at sunrise, and the greatest about 
2 P.M. during the winter months; whereas, 
during the summer, there are semi-diurnal perio- 
dicities. The morning minimum is shortly 
before sunrise and the maximum between 8 and 
11 ; the afternoon minimum occurs between 2 
and 4 p.m., and the subsequent maximum from 
6 to 10 P.M. The precise hour varies according 
to the season. In the case of the clouds the 
winter daily maximum is at sunrise and the 
minimum at sunset. In the summer there is a 
double periodicity in the twenty-four hours. 
The morning maximum is shortly after sunrise, 
and the minimum from 9 to 11 a.m. ; in the 
afternoon the maximum is at about 6 P.M., and 
the following minimum soon after midnight. 
Whatever may be the explanation of these 
curious phenomena, there is still apparent a daily 
march and an antithetical relationship between 
the increase and decrease of the humidity at the 
higher and lower levels. 

16. There is a striking coincidence between 
the cloud changes at Geneva, and the two semi- 
diurnal barometric periods which are so con- 
spicuously developed in the tropical day. Under 
the equator the maximum height of the mercury 
occurs at 9 o'clock, or a few minutes after, and 
the minimum with equal punctuality at 4 P.M. 
From this it rises, reaching its second maximum 
height soon after 10.30 P.M., and its second 
minimum at 4 A.M. This extreme regularity of 
barometric movement prevails for several degrees 
on either, side of the equator. This double 
oscillation is due to the combination of two 
distinct diurnal periodicities. The one arises 
from the action of heat and cold in increasing 
and decreasing the amount of vapour in the air. 
It follows the same period as the temperature 
near the ground. Its maximum coiTesponds 
with the hottest hours, and causes a maximum 
of pressure, while its minimum corresponds to a 
minimum of pressure. On the other hand the 
air is so acted upon by this same alternation of 
heat and cold that its maximum of pressure 
occurs during the coldest hours when the air is 
densest, and its minimum at the warmest period. 
The one is the reverse of the other ; and there is 
here a repetition of the antagonistic relationship 
observable in the diurnal curves of maximum 
humidity. The two actions give rise to a double 
barometric oscillation, in which the maxima 
occur when the two separate pressures are at 
their mean, and when, therefore, both co-operate 
in producing pressure, whereas the afternoon 
minimum barometric pressure is co-tempo- 
raneous with the highest vapour tension, while 
the morning minimum bears the same relation 
to the highest atmospheric pressure. In accord- 
ance with ihiny it is found that in proportion as 
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the absolute amount of aqueous vapour in the 
air diminishes, or in other words as the vapour 
tension decreases, so do the amplitudes of the 
barometric oscillation lessen. Thus there is a 
gradual diminution in the amplitude from the 
tropics towards the poles, and from the localities 
which have the greatest amount of aqueous 
vapour in the air towards those which have the 
least. The decrease in the amount of aqueous 
vapour may arise from two causes, as before 
mentioned, viz. a diminution of temperature 
and a diminished rate of supply owing to dis- 
tance from the ocean and other large bodies of 
water. Hence the oscillations diminish from 
summer to winter, from the sea towards the 
interior of continents, and from the ground up- 
wards. As with temperature and with aqueous 
vapour, an inverse relationship is noticeable 
between the fluctuations on the ground and at a 
definite, but considerable, height above it. From 
these statements it will be seen how closely in- 
terwoven are numerous meteorological subjects, 
and how a community of causes will account for 
the variations connected, not only with the 
period of day, but also with the latitude, the 
season, and the distance from as well as altitude 
above the sea. Other explanations have been 
offered as to the cause of the diurnal baro- 
metric oscillations; but the purpose in view 
here is not to discuss these explanations, or to 
point out the influences which produce the 
oscillations; but simply to adduce the best 
evidence available in favour of the barometric 
changes being due to a diurnal periodicity. The 
curve of daily barometric change is so totally 
different from that of temperature, that no 
relation seems possible; but a little attention 
shows that it may really conform with the 
daily thermic changes, directly in one way and 
indirectly in another. One or two local in- 
stances may represent many examples which 
could be cited to the same effect, did space per- 
mit. At Habana, in Cuba, the precise times of 
the maxima and minima vary with the seasons ; 
the minima occur at 2.4 A.H., and at 3.4 P.M., 
and the maxima at 9 to 10 A.H., and at 10 P.M. 
£lli8 says of the diurnal variation at Greenwich, 
that the morning minimum and the forenoon 
maximum are latest in summer; and that the 
changes in the time vary much in the same way 
as the times of sunrise and sunset vary ; so that 
as the day lengthens, the interval between the 
forenoon maximum and afternoon minimum in- 
creases. The length of the night bears a similar 
relation to the interval between the even- 
ing maximum and morning minimum. At Ox- 
ford the mean daily time of the oscillations in 
May, deduced from observations extending over 
16 years, are 3.55 for the first minimum, 7.55 
for the first maximum, 4.25 for the second 
minimum, and 10.45 for the second maximum 
(Rundell). At Valentia the results for December 
1877 were these : — 
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29-245 in 
29-263 „ 
29-238 „ 
20-273 „ 



at 7 A.M. 

,. 11 ,, 

„ 3 P.M. 



10 „ 



Min. 
Max. 
Min. 
Max. 



At Leh there is a maximum at 9 a.m., and a 
minimum at about 5 p.m. There is but one 
diurnal oscillation here, a feature characteristic 
of places having a dry atmosphere. And as 
may be noticed the miuiroum occurs in the 
afternoon, the period when the atmospheric 
pressure by itself is presumably least. 

17. If then the barometric changes silently de- 
clare that they are mainly under the governance of 
a diurnal period, the winds, which are admittedly 
dependent, in a great degree, upon the relative 
distribution of atmospheric pressure, should 
furnish examples to the same effect. Indeed, as 
the winds afford a clue to the general st-ite of 
the atmospheric pressure over large areas, it 
frequently happens that casual notes on local 
winds are of material help in deducing conclu- 
sions respecting the diumul barometric period. 
At maritime places in tropical regions there is 
a marked uniformity in the order of change of 
the winds, as has been noticed in other climatal 
elements. The day breeze commences soon 
after sunrise, increases in velocity as the heat 
increases, and ceases about four or five in the 
afternoon. The lull continues till about sunset, 
when a light breeze from the opposite quarter 
sets in, and continues through the night. This 
phenomenon has been found to exist at a great 
many sea-side p^' ^ within and without the 
tropics. Winds present a second very remark- 
able periodicity. It has been pointed out by 
F. Chambers at Bombay. This periodicity 
presents two minima in the twenty-four hours, 
and consists of a rotation of the wind direction ; 
which follows, or rather accompanies, the 
barometric changes. The southerly winds reach 
their maximum value at the time of the most 
rapid rise of the barometric cun-e, while the 
northerly prevail during the period of most 
rapid fall. The easterly winds predominate 
during the maximum, and the westerly during 
the minimum epochs in the atmospheric pres- 
sure. The double wind oscillation is as cr)n- 
spicuous at Calcutta as at Bombay. This 
oscillation, in conjunction with the alternate 
increase and decrease of pressure, demonstrates 
the existence of a daily flux and reflux of air 
over very wide areas. Riippell observed some- 
thing similar at Gondar, in Abyssinia; for, 
during hb stay there, in the rainy season, the 
wind was N.E. in the morning, veering round 
to S.E. before 9 a.m., becoming S.W. by noon, 
and N.W. during the afternoon. At sunset the 
wind ceased. At Polo, in Illyrio, there is a 
daily variation in the direction of the wind ; 
it starts from a point £. of S. at 5 a.m., and 
gradually veers till it reaches its most westerly 
point about 6 p.m., from which time it shifts 
back to its starting point. The wind force 
also shows a diurnal periodicity. Thus at Pola 
the force is nearly double as strong from 
11 a.m. to 6 P.M. as it is from 9 p.m. to 6 a.>{. 
The elaborate observations by Osier at Bir- 
mingham give the following interesting results. 
In winter the force of the wind undulates about 
220 from midnight until 8 A.M., rises to a 
maximum of 390 at 1 p.m., sinks to 3.50 at 
7 P.M., and then dec-lines till midnight. In the 
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spring it starts from 90 early in the morning, 
reaches the maximum of 3u0 at 1 P.M., sinks 
rapidly to 160 at 6 P.M., and then more slowly 
to 90. In the Kummer the rise is from 70 in the 
morning to 260 at 3 P.M. ; and then a fall to the 
minimum. In the autumn the maximum of 
260 is reached at 2 P.M. Many lakes have 
their morning and evening breexet, which 
sometimes blow with such astonishing regu- 
larity as almost to constitute a measure of 
time, as for instance on the Te Anau lake in 
New Zealand (McKerrow). At Geneva the daily 
fluctuations of the land and lake breezes are 
of a decided character. Plantamour has found 
that in December, when there is no perceptible 
difference in the temperature of the land and 
the lake, there u no prevalent lake breeze. In 
January the lake breeze sets in, and increases 
from month to month as the days lengthen and 
the temperature increases. The wind presents 
a periodicity in its other aspects, such as the 
time when violent storms commence. At St. 
Blaise, in Switzerland, the Peters family care- 
fully noted the particulars respecting 260 
storms of wind. Only sixteen of these began 
between 4 AJi. and noon, while 135 were 
initiated between noon and 8 P.M., and 70 
between 8 P.M. and 4 A.M. 

18. Inclination would induce us to give the 
confirmatory details afforded by the diurnal 
periodicities of rainfall, thunderstorms, dis- 
tribution of the maximum and minimum in- 
tensity of atmospheric electricity, hailfall, ozone, 
and the chemical action of light. There is an 
abundance of material for this ; but we refrain 
from further consideration of the subject, in 



order that we may avoid exhausting the patience 
of the reader. 

19. The conclusions to be drawn from the 
foregoing facts are: that each element of 
climate is liable to a regular daily change, 
primarily dependent upon the earth's rotation 
and the consequent exposure to the sun, the 
amount and degree of which varies with every 
locality ; that in some the increment and de- 
crement constituting the period is regulated by 
the light or heat, so that the maximum b 
attainwi soon after the hottest hours; that in 
others the period is regulated by the action of 
heat converting water into vapour, so that the 
maximum is produced during the coldest hour 
of the day ; that the hour of greatest heat or of 
greatest cold differs according to the height 
above the ground, causing a vertical oscillation 
of the period between the ground and the cloud 
zone ; and, lastly, that when heat alone and 
heat acting by the agency of aqueous vapour, 
co-operate, the maximum effect produced by 
each separately is so counteracted by the other, 
that the combined result of their co-operation is 
to produce a minimum effect, while the maxi- 
mum occurs when each is at its mean and both 
act together ; the result of which is an apparent 
double maximum in the course of the day. The 
maze of changes may seem very confused ; but, 
in reality, however complicated the arrangements 
are, all is in perfect onier. Thus havmg com- 
pleted the round, the mind recurs to the subject 
which occupied our thoughts in the opening 
paragraphs of this essay. 
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In these notes the term general has an in- 
definite as well as a definite meaning. It in- 
cludes, as it should do, titles and facts which . 
relate to climate generally, such as ** On the 
Uniformity of Insular Climates ; '* and, in the 
case of districts, those which apply generally to 
them, such as ** The Meteorology of Holland." 
There arc many titles which are expressed gene- 
rally, but which manifestly apply to some par- 
ticular district ; as, for instance, ^ Meteoro- 
logical Abstract for the Years 1794-1799." As 
the special district is not stated, such papers, 
etc, are entered here; when they have been 
read the titles are repeated under the name of 
the districts to which they relate. Particulars 
respecting the application of telegraphy to 
meteorological purposes, broad references to 
cycles, propositions for organised methods of 
research, notices of the healthiness or unhealthi- 
ncss of places, are considered to be general. 
In addition to these there are items which can- 
not be regarded as general, bub which, owing to 
their vagueness, cannot be definitely placed; 
so that the only position for them is under 
general. One instance of this is Fothergill's 
paper in this number (1805, 2), which may 
seem to be quite out of place. The only reason 
for putting it here is the "etc." When this 
paper has been read, the facts represented by 
^ etc.*' will be entered in their proper places ; 



but in the meanwhile it is considered to be 
indefinitely general. Again, certain papers nnd 
facts are entered under general, about which 
there is great uncertainty as to whether they 
are meteorological at all, as for instance, blood 
rain, black rain, red snow, showers of frogs, and 
other strange objects, and similar subjects. 
Papers of this kind often contain some meteo- 
rological data. Remarks on storms of the cha- 
racter of which no specific mention is made are 
grouped as general. The atmos]>here is con- 
sidered to be distinct from climate ; consequently 
facts relating to its physical and chemical 
qualities, which do not concern climate, are not 
to be found here, but under the section devoted 
to atmosphere. The papers and paragraphs arc 
numbered so as to facilitate reference. As a 
matter of convenience the volumes of a serial 
are entered under the year of publication, but 
when the date is lumped, and the volumes have 
not been examined for the purpose of ascertain- 
ing the year of issue of each volume, the serial 
is assigned to the general section subordinate to 
Bibliography. Descriptions of instruments arc 
not considered to be meteorological, except 
when the statements made bear upon recdrded 
readings. When the volume has a «late ex- 
tending over one year, the title is placed under 
the latest year mentioned. 
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ESSAY 11. 

ON THE CONNECTION BETWEEN SOLAR PHENOMENA AND 

CLIMATIC CYCLES. 

By PaoF. K Douglas Archibald, M.A., F.M.S. 



PART L 

^ Tke sun is at onee the motor of all things, the agent of light, and the principle 
of thought •*—F«f<M. 

1. The sun's heat is so manifestly the source of all climates, that 
changes in the amount of heat radiated from its snrface are now 
r^arded as the main canse of the changes in terrestrial weather. 
Besides the semi-annual and seasonal changes caused by its varying 
I distance from the earth, and relative position with respect to the 
plane of the equator, it has been suspected that changes occur from 
4 time to time in the body *of the sun itself, which produce variations in the 
* amount of heat radiated from its surface and thereby affect terrestrial 
weather. The sun-spots, which are the most striking of the indications of 
solar disturbance were discovered by the Chinese ^ in the beginning of the 
present century, and are now proved by the extensive labours of Schwabe 
and Wolf, supplemented by the more careful delineations of Messrs. De 
La Rue, Stewart, and Loewy, to undergo a complete cycle of variation 
every 11 '11 years.* One of the first results of the approximate determina- 
tion of the foregoing cycle was the discovery by Messrs. Sabine and Wolf 
of the coincidence of this period with those of the maximum and minimum 
intensity of terrestrial magnetism and displays of the Aurora Polaris. 
- This coincidence being too marked to be merely fortuitous, it was hence 
' oonjectured that, since the majority of the changes in magnetic variatiou 
and auroral frequency are probably either directly or indirectly related to 
corresponding changes in terrestrial meteorological currents, some con- 
nection might be found to exist between the secular variations in sun-spot 
frequency and area, and those in the different elements of terrestrial 
meteorology. The universal principle upon which this conjecture was 
1 foonded, is that which is emphatically laid down by Herschel in his 
\ "Meteorology," viz., " that all periodicity in the action of a cause propagates 

■ Vide * Monthly Notices of the Astronomical Society,' vol. xxxiii. p. 370. 
« AocQrding to De La Boe this period is 1107 years. The period of increase from 
; wtiniimiin to mATiniTim comprising 8*52 year?, and of decrease from maximum to minimum 
/^ 7*55 yean. Lamont makes oat the length of the period to be 10*43 years, but this does not 
. i^ aeoord well with the latest ohserrations. 
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ESSAY IL SOLAR PHENOMENA AND CLIMATIC CYCLES. 

4. First as regards observations with the telescope. From the researches 
of Messrs. De la Rue, Stewart, and Loewy, as to the nature and position of 
the spots in the sun's photosphere, by the help of the telescope and photo- 
heliographs, we learn (1) '' that the umbra of a spot is nearer to the sun's 
centre than the penumbra;" (2) '^that solar faoulas and probably also the 
whole photosphere, consist of solid or liquid bodies of greater or less magni- 
tude, either slowly sinking or suspended in equilibrium in a gaseous 
medium;" (3) "that a spot including both umbra and penumbra is a 
phenomenon which takes place beneath the level of the sun's photosphere."^ 
It is also found that the luminous flakes called **Nasmyth's willow 
leaves " (or ** Huggins's granulations ") of which the photosphere, and the 
fGumls (which appear to be denser and more elevated portions of the photo- 
sphere in the vicinity of the spots) are composed, are scarcer and more 
rarified in the neighbourhood of the spots than in the other portions of the 
photosphere. These willow leaves were somewhat fancifully supposed by 
Sir John Herschel to be organisms of some peculiar and amazing kind, but, 
whatever they might be, he thought, they were evidently the immediate sources 
of the solar light and heat, 

5. Telescopic observation fur&er shows, that the formation of a spot is 
usually preceded and accompanied by the appearance of faculse, from which 
we may conclude, that though there is a palpable decrease in the amount of 
light emitted by a spot, compared with that emitted by the photosphere 
itself, it is partially, if not entirely made up for by that emitted from the 
factila, or region of increased brightness by which it is surrounded. Amongst 
other telescopic observations during the present century, Mr. Carrington 
observed : — 

(1) "A motion of the spots towards the equator ; " 

(2) " That this motion is in a direction contrary to that of the sun's 
rotation ; " 

(3) " That spots appear to get divided by a certain whirling motion of 
their parts ; " 

(4) " That new spots more readily appear where others have previously 
disappeared ; " 

(5) ** That there is a periodicity in the frequency of sun-spots, the last 
maxima being 1828, 1837, 1848, 1860, and 1872." 

M. Chacomac likewise noted the wonderful rapidity with which small 
spots are precipitated into large ones, amounting occasionally to as much 
as 599]^ miles per second. 

6. Messrs. De La Rue, Stewart, and Loewy, among the numerous 
resnlts of their organised researches at the Eew Observatory, not long ago 
announced a discovery to the effect that during periods of great disturbance, 
there is a tendency in the spots to change from the northern to the southern 
Iiemisphere, the period of such change being about twenty-five days, and 
tliat outbreaks ooour in pairs at the ends of the same solar diameter, after 



* Pioctor, * The Sun,* p. 217. 
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an interval of about thirteen days. Prof. Langley, of Pittsburgh, from a 
careful stndy of the snn's surface, considered the spots to be places where 
we see the general structure of the photosphere in sections, owing to the 
filaments composing it being here inclined. He also recognised the pre- 
sence of both horizontal and vertical cyclones within the spots. 

7. As has already been mentioned, it was observed by Mr. Carrington 
that spots nearer the solar equator move more rapidly in the direction of 
rotation than those more remote. He was thus led to assign to them a 
proper motion of their own.^ This motion has to be considered in 
measuring the sun's period of rotation by observations of their successive 
appearances and occulta tions. Herr Sporer arrived independently at the 
same conclusion, and deduced the mean period of rotation from observations 
of spots near the solar equator to be 25*3 days. The spots are however 
found to be mainly confined to a zone extending some 30° each side of 
the equator, very few being observed in higher latitudes, and fewer at the 
equator itself, than in the adjacent zones on each side of it. 

8. The size of the spots is not unfrequently very great. Capt. Davis 
made a drawing of one in 1839 which had a double nucleus, and whose 
superficies, including the penumbra, was about 25,000,000,000 square miles. 
It may help us in endeavouring to form some idea of the immense size of 
these cavities to learn that the earth, if projected into the interior of a spot 
like this, would appear no larger than a fragment of rock rolled into the 
crater of a volcano ! 

9. The faculaB which generally precede and accompany the spots, from 
recent investigations by Messrs. Balfour Stewart, and De La Kue, are found 
to be disposed more frequently to the left of the spots than to the right, 
that is behind as regards the direction of rotation. In fact, out of 1137 
spots photographed at Kew, Mr. De La Rue found 584 which showed 
factdas to the left, 508 had them disposed symmetrically on either side, and 
only 45 exhibited them on the right — that is, in front, as regards the 
direction of the rotation. 

10. Quite recently, M. Janssen, of the Paris Observatory, has succeeded in 
taking some very fine photograms of the sun, from which it appears that, 
in addition to the granulations noticed by Huggins and others, the entire 
photosphere exhibits a reticulated structure, being made up of a series of 
figures " which have in general rounded contours, but are often almost 
rectilinear, thus forming polygons." " The dimensions of these figures are 
very variable ; some are even 1' in diameter (over 25,000 miles)." ** Between 
these figures the grains are sharply defined, but in their interior they are 
almost efiaced, and run together as if by some force." M. Janssen also 
observes with respect to the granulations, that the most luminous particles, 
or those to which the solar light is chiefly due, occupy only a small fraction 
of the solar surface. 

11. One of the most remarkable phenomena connected with the telescopic 

> ObaervatioDS of spots from Nov. 1853 to March 1861 at Bedhill, by B. C. CarrlDgton. 
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stady of the spots was the discovery by Mr. Carrington of the tendency of 
the limiting parallels between which the spots were found, to contract pre- 
viously to the minimum, and soon after this epoch the commencement of 
two fresh belts of spots in high UUitudea north and south, which have in 
subsequent years shown a tendency to coalesce, and ultimately to contract 
as before. This phenomenon was what mainly suggested to Sir J. Herschel, 
the meteoric ring theory of the origin of stui'Spots, in which these bodies 
forming a cam-like ring were supposed to impinge upon, and perforate the 
photosphere, its period of revolution corresponding with that between two 
similar phases of the spots, and the sudden appearance of the spots in high 
latitudes accounted for by the above peculiar distribution of the meteors in 
the ring. 

12. Though the preceding discovery is as remarkable as any that have 
been obtained by a long and patient study of the changes that occur on 
the sun's surface, and will probably be of material assistance in helping 
to unravel the secret of the origin of the spots, it has been recently well- 
nigh eclipsed by the discoveries of the Kew observers with reference to the 
apparently complete dependence of the apparition and movements of the 
suuHspots upon the relative positions of the nearer planets, Mercury and 
Venus. Prof. Balfour Stewart thus sums up the facts hitherto ascertained : 
First, when either Venus or Mercury is between or nearly between our 
earth and the centre of the sun, as the sun-spots are carried round by 
rotation nearer to the planet, they become less, and as they are carried away 
from the planet, they became greater ; secondly, when Venus oi* Mercury is 
at the extreme right of the sun, the spots diminish in size all the way across; 
thirdly, when Venus or Mercury is on the other side of the sun, exactly 
opposite the earth, the spots have their maximum in the centre ; and finally, 
if Venus or Mercury be at the extreme left, the spots augment in size all 
tlie way across ; in short they are always least in the immediate neighbour- 
ly, | hood of Venus or Mercury and greatest when that portion of the sun to 
which they are attached is carried by rotation to the position farthest 
from the influencing planet.^ 
^ i More recently still, Prof. Stewart has found periods of sun-spot activity of 
^.,\ about twenty-four days* duration, so definitely^marked and so regular, that 
he can tell their period to within ten minutes. These periods both he and 
Dr. Buys Ballot attribute to the influence of intra-mercurial planets. They 
are also found by Prof. Stewart to exist almost as markedly in the diurnal 
temperature ranges at Toronto, which is the only place he has at present 
examined. The relation between the two phenomena is of such a character 
g .| that an increase of sun-spots corresponds to an increase of diurnal tempe- 
rature range. 

So little, however, ijs known at present concerning the particular agency 
hy which the planets can be supposed to affect the production and subsc- 

' It may be remarked, if only aa a mere coincidence, that the recent prolonged period of 

niinimum sun-spot, 1875-9, was remarkable as an epoch of conjunction of several of the larger 

pknetd. 
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qnent motions and appearance of a sun-spot that we are forced to abandon 
the question for the present until it is somewhat more simplified by 
farther discoveries. Although from the preceding brief resume of the 
results of telescopic observation of the spots, it is evident that a careful 
telescopic study of the sun's surface is likely to be attended with valuable 
additions to our existing knowledge of the conditions which regulate the 
changes in the appearance and distribution of the spots, it is plain that 
with regard to the question whether their presence or absence is likely to 
be attended with an increase or decrease in solar radiation, or solar tem- 
perature (which need not necessarily co-exist in the same degree), no 
positive evidence seems likely to be obtained. From the recent telescopic 
observations of the Kew observers, however (according to Mr. J. N. Lockyer), 
evidence is not wanting to show that in years of minimum sun-spot 
there is a less amount of cold absorbing atmosphere above the photosphere, 
and consequently a smaller tendency to the downrush of cold matter in 
large quantity.^ In years of maximum sun-spot, on the contrary, the 
absorbing envelope is denser, and therefore assuming that the internal heat 
is not increased to an extent sufficient to counterbalance the effect of the 
increased absorption, both general throughdut the photosphere, and general 
and selective in the region of the spots, it may be conjectured that in such 
years the solar radiation ought to be less powerful than it is in years when 
few spots are visible; an hypothesis which, as will be seen hereafter, is 
susceptible of a large amount of direct as well as indirect proof founded 
upon the results of comparing observations of solar radiation and terrestrial 
air temperatures and other elements for different years of the spot cycle. 

13. It must be borne in mind, however, that the preceding hypothesis 
presupposes the existence of a downrush of cold absorbing atmosphere in 
the region of the spots, the existence of which, though inferred from the 
telescopic observations of Lockyer, has only been finally placed beyond 
the possibility of doubt through the evidence afforded by the use of the 
spectroscope. On this, as well as on many other points, the evidence given 
by the telescope alone with respect to the nature, peculiarities, and possible 
origin of sunnspots, is now so amply supplemented by that derived from 
spectroscopic analysis, that theories formed solely from observations with 
the former are of little real value unless they are compatible with, and 
conclusively borne out by, the results obtained through the assistance of 
the latter. The preceding theory of a downrush in a spot, and the rival 
theory of an uprush, the former being that held by the Kew observers, 
and the latter that of M. Faye, have been subjected to the rigorous 
method of analysis afforded by the spectroscope. The result has been to 
confirm the former theory in the most decided manner. M. Faye has in 
consequence renounced his theory, and has adopted one in which cyclonic 
action is considered to be the prime producer of the spots. Mr. Lockyer 
further remarks : " A suggestion has also been made by the Kew observers 

» 'Solar Physics,' by J. N. Lockyer, F.R.S., p. 481. 
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to account for the change in the density of the ahsorbing layer [noticed 
above], which promises to be one of great value, in assisting towards the 
discovery of the causes of the periodicity of the occurrence of the spots. 
It is this, that assuming the photosphere to be the plane of condensation of 
gaseous matter, the plane may be found to be subject to periodical elevations 
and depressions, and that at the epoch of minimum sun-spot frequency the 
plane might be uplifted very high in the solar atmosphere, so that there 
was comparatively little cold absorbing atmosphere above it, and therefore 
great difficulty in forming a spot." ^ This idea has since received partial 
confirmation at the hands of Mr. Lockyer and Professor Tacchini, but can 
scarcely be regarded as definitely settled at present. The Kew observers, 
whose theory of a downrush is thus strongly supported by spectroscopic 
evidence, apply it to explain the proper motion of the spots noticed by 
Carrington in the following terms. '' May not the falling behind of the 
faculse be the physical action of the spots noticed by Carrington, so that 
wfaUe the current passing upwards falls behind, carrying the luminouB 
matter with it, the current coming down moves forward, carrying the spot 
with it, and may not this current coming from a colder region account for 
the deficient luminosity which characterises a spot?" This idea is strongly 
supported by collateral evidence, and fully explains the appearance of 
vertical cyclones as observed in the interior of the spot. 

Before concluding this brief notice of the results of telescopic enquiry, it 
may be finally remarked, that in a group of spots which are gradually 
breaking up, the one which is furthest advanced in the direction of rotation 
disappears last. This is a point which certainly deserves careful notice, 
especially if in dealing with the question of their origin, we can ever hope 
to build up any satisfactory theory with regard to sun-spots. 

14. On bringing the spectroscope to bear upon the spots — to use the 
words of Professor Tait of Edinburgh, — " the normal solar spectrum is seen 
only with this difierenoe, that the absorption lines are thicker and darker 
than from sun-light as a whole ; so that it appears that there is associated 
I with the sun-spot something which produces an excess of absorption." This 
i widening of the spectral lines, however, may be. due to at least two distinct 
* causes. If the increase takes place equally on both sides, as Lockyer and 
Frankland have shown, it indicates an increase in the pressure and density of 
tbe layers composing the spot; if, on the contrary , the line undergoes an un- 
gual expansion, sometimes on one side and sometimes on the other, it is 
most probably due to the presence of gaseous tornadoes within the spot, 
in which portions of gas are descending and ascending with tremendous 
velocity.2 

15. With regard to the explanation of the abnormal appearances 
presented by the spectrum of a sun-spot, Schellen says : " From the results 
of the spectrum observations of Secchi, Lockyer, and Young, it may be re- 

> * Solar Physics,' by Lockyer, p. 481. 

' Lockyer says that the velocity ia about 38 miles a second. 
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gai'ded as certain that the phenomena of increase in the width and 
intensity of the Fraunhofer lines are produced by the increcued absorptive 
power exercised by the substances of which the spot is formed" ^ 

16. On the whole therefore the evidence given by the Bpectrosoope 
concerning the solar spots, confirms the idea that they are due to the 
existence of masses of relatively cool vapours at a lower level, and there- 
fore relatively more compressed than the vapours elsewhere existing in 
the solar atmosphere. At the same time it throws little additional light 
upon their extraordinary movements over the sun's surface as revealed to 
us by the telescopic researches of Carrington and others. 

17. These movements are in many ways so similar to those of terrestrial 
cyclones that the spots have in consequence frequently been called solar 
cyclones. Sir John Herschel, and more recently Mr. Herbert Spencer, have 
formed theories to account for them on this supposition, that they are 
really cyclones in the solar atmosphere, the latter applying rules to them 
very similar to those which hold for their terrestrial analogues. 

18. It would be unnecessary if not impossible for us to attempt to 
enter into a detailed account of the various theories that have been pro- 
pounded from time to time by distinguished physicists, regarding the 
nature of sun-spots. Kirchoflf, De La Rue, Stewart, Loewy, Carrington, 
Sir J. Herschel, Lockyer, Young, Eespighi, Secchi, Zollner, Faye, Huggius, 
Dawes, Sporer, Lalande, Chacornac, Eayet, Tacchini, Weber, Weisse, and 
others, have by their laborious investigations, with the help of both the 
telescope and spectroscope, contributed immensely towards our knowledge 
of these phenomena; but though much has been elucidated with regard 
to their nature and peculiarities, much is still involved in uncertainty. 

19. Lockyer considers them to be deep recesses in the surface of the 
solar body, filled with concentrated masses of those substances (iron, 
calcium, barium, magnesium, sodium, and hydrogen), the lines of which 
undergo an increase of breadth and intensity in the spectrum, and over 
which floats the lighter hydrogen gas.^ Zollner appears to hold somewhat 
similar views, and regards them as the sequelae of hydrogen eruptions con- 
sisting of a kind of scoria, which sinks by its own weight a certain depth 
into the photosphere or outer portion of the sun, and partially intercepts 
the light from the lower stratum of the photosphere ; therefore presenting to 
us an appearance of a dark mass projected upon the disk of the sun, in 
the same way as the exceedingly intense light of the oxy-hydrogen lime 

* Schellen, * Spectrum Analysis,* p. 290. 

* Mr. Lockyer has recently (Oct. 26, 1S80) communicatod a brief note to the Royal Society, 
(Proc. Koy. Soc. vol. xxxi. No. 207) on tlic 8j)ectra of some iron lines in a 8nn-si>c.t observed 
on AngUBt 31, 1880, from which it appenrd that "wlien the iron line at 5207*6 'wave- 
length) was doubly contorted, indicating an ascending and descending velocity of about lo 
miles a second, the two adjacent lines at X 5203*7 and 5201 (J visible in the same field of view 
were unaflfected/* This affords strong confirmation of the opinion put forward by Mr. Lockyer 
in December 1878, that iron, like other so-called elements, is in reality a compound, which 
by Uie enormous heat of the sun is resolved into its elementary molecular groupings, of 
which he thinks there are no less than three. 
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light appears black when seen against the sun. M. Gautier of Greneva holds 
precisely similar views to those of Professor Zollner, and says that they 
appear to him to be the only ones which neither contradict the ordinary laws 
of physics nor well-known facts. Secchi also appears to hold almost iden- 
tical views with Zollner as far as he ventures to go. Thus in * Le Soleil,* 
2nd part, p. 184, where he sums up his idea of the nature of sun-spots, he 
says : '* La conviction k laquelle nous sommes arrives apres celle longue s6rie 
d'etudes est oelle-ci : la tache est forni6e par la mati^re meme que Teruption 
projette sur le disque solaire; la region obscure est due k Tabsorption 
exercee par les vapeurs qui sont sorties du sein du corps solaire et sent 
interposees entre TobEijervateur et la photosphere." On the whole it appears 
somewhat difiScult to account for the multifarious peculiarities in the 
nature, formation, and disappearance of sun-spots by adopting any one 
single theory regarding their nature. Nevertheless from the results of the 
most recent investigations, both telescopic and spectroscopic, we may safely 
entertain the following general conceptions with respect to their probable 
nature and influence. 

(1.) That they are phenomena of condensation rather than of expansion, 
and therefore due more to the action of external than internal forces. 

(2.) That they exercise a general absorption, as indicated by a general 
thickening of all the Fraunhofer lines in the spectrum, plus a selective 
absorption indicated by the abnormal thickening of the dark lines, of those 
substances — barium, magnesium, sodium, etc. — which are consequently 
supposed to occupy their deepest recesses. 

(3.) That though they do not by any means indicate regions of total 
darkness].^ they still exhibit a marked deficiency in the number of Nasmyth 
willow-leaves and luminous flakes, of which the photosphere appears to be 
mainly composed. 

(4.) That they exhibit strong indications of cyclonic indraught and 
outrush, and are associated with periods of more than ordinary solar dis- 
turbance, including a greater number of jets and prominences in the 
chromosphere. 

(5.) That though their maxima phases appear to be associated with a 
greater number of prominences in the chromosphere, the district whore the 
latter occur most frequently, lies between N. and N.W., at about 45° north 
bolar latitude, a region where solar spots are rarely seen. The two 
phenomena have consequently been hitherto considered quite distinct. 
Not long ago, however, Secchi came to the conclusion that the spots 
and facul8Q were both secondary phenomena, similar to one another in 
their mode of formation, both being the cooled gaseous products of solar 
eruptions sinking back upon the photosphere, the spots being the sequelae 
of metallic, and the faculee of hydrogen eruptions. The spots being 
composed of heavy metallio vapours, generally occupy cavities of displaced 

^ The light emitted by the blackest umbra has been found by Professor Langley to bo 
equal to at leaat 5000 times that of the full moon [Vide * Nature/ vol. xii. No. 307 1. 
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photospheric matter. The faculae, on the other hand, being composed of 
the lighter hydrogen gas, exist above the general level of the photosphere, 
their abnormal brightness being due to the greater transparency of the 
hydrogen, of which they are composed, for the photospheric rays, than that 
of the usual layer of metallic absorbing vapour which it has displaced. The 
greater obscurity of the spots is accounted for as usual, by the greater 
absorbing influence of the cooled metallic vapours composing them. 
Secchi differs from most other physicists in attributing the formation 
of the spots solely to the action of the gases composing the metallic pro- 
tuberances. According to him, therefore, we must consider the period of 
maximum sun-spot, to be one in which a larger proportion of absorbing metallic 
vapour exists above the photosphere than at the period of minimum sun-spot. This 
accords very well with the fact already mentioned, as noticed by Lockyor, 
and to which his attention was first attracted, by observing that the spectral 
absorption lines were generally thicker throughout the solar disk at the 
former than at the latter period. Further, in looking for the origin of the 
sun-spots, we must remember that according to this view they are merely 
secondary phenomena, and that what must really be sought out is the prime 
cause of, and conditions of variation in, the metallic protuberances 
themselves. 

20. If we leave the path of results founded upon direct observation, and 
endeavour to penetrate far enough into the domain of conjecture to furnish 
ourselves with an answer to the question — ^What is the influence that gives 
rise to the sun-spots, or, rather, the prominences of which they appear to be 
the after-effects, and regulates the sub-annual and secular variations in both 
phenomena? — we shall find ourselves involved in an exceedingly perplexing 
labyrinth of mystery and confusion. Various and conflicting aie the theories 
which have been propounded from time to time to account for the 
appearance of sun-spots. Several of them, however, owing to their being 
inconsistent with facts established by recent researches in solar physics, 
have been necessarily abandoned. One theory, based on their well-ascer- 
tained eleven-year cycle of variation, is worthy of notice, and endeavours to 
account for them by the influence of planetary attraction. Messrs. De La Eue, 
Stewart, and Loewy sometime back endeavoured to show that this period 
was in some way connected with, and dependent upon, the period of Jupiter's 
revolution in his orbit. The sun-spot cycle, however, according to Wolf, 
is fixed at 11*11 years, a period differing too much from that of Jupiter's 
revolution to accord with this hypothesis ; for, as Proctor says, " We have 
not to go far back to find periods of spot maxima corresponding with 
Jupiter's position — (1) at aphelion; (2) at perilielion; (3) at his mean 
distance." ^ They have, however, as has been already briefly remarked, 
succeeded in discovering traces of the influence of both Venus and 
Mercury upon the behaviour of sun-spots. This influence appears to be of 
such a nature that the sun-spots attain their maximum size when carried 

* • Science Byways,* p. 125. 
26 



ESSAY EL SOLAK PHENOMENA AND CLIMATIC CYCLES. 



into positionB as far as possible remote from the influencing planet. They 
also notioe that when one of these planets passes across the plane of the 
sun's equator, it drags as it were the spots into the equatorial region of the 
disk ; they spread towards the poles on the contrary when the planet passes 
away from the equatorial plane.^ The theory, nevertheless, of their being 
entirely due to planetary influence, gives no satisfactory explanation of 
several peculiar phenomena in connection with the appearance of sunnspots, 
amongst others the apparent downrush and condensation that takes place 
in their interiors, and the appearance of greater brightness in the inner* 
compared to the outer edge of the penumbra. KirchofiTs theory of their 
being dense agglomerations of vapours superimposed on the photosphere, 
which for some time obtained numerous adherents, is now finally discarded, 
chiefly in consequence of the fact which recent spectroscopic investigations 
have brought to light, viz. that instead of the photosphere being surrounded 
by a cool atmosphere (assumed to exist in order to account for the degree of 
condensation requisite for the production of clouds), it is surrounded by an 
intensely hot stratum of gas, which forms what is generally known as the 
Sierra chromosphere.^ 

21. It may be remarked that though a dense agglomeration of vapours 

relatively cool enough to be visible as a dark mass, could hardly quietly 

float about in the chromosphere, a sudden irruption of cooled vapours from 

regions beyond the chromosphere, such as those shot out by the prominences, 

might temporarily exist as a dark spot, not only in the chromosphere, but 

below the level of the photosphere. Indeed, the very fact that spots form 

cavities in the photosphere, would seem to show that the cooled gases are pro- 

I jected (probably fall back) upon it with sufficient velocity to maintain their 

^ low temperature, unaffected for a time at least by their surroundings. Mr. 

Herbert Spencer's theory, a full account of which is given in Louis 

Figuier's ' Day after Death,' avoids the error into which Kirchoff is found 

X to have fallen, in assuming the spots to be clouds suspended above the 

I photosphere, and supposes them to be clouds of metallic vapour formed by 

; the rare£iction, and consequently refrigeration, which takes place in the 

* interior of a solar cyclone. He likewise accounts for the peculiar aspect of 

I the penumbra already alluded to, by supposing that for some distance 

[ ruund a cyclone there will be a drawing in of the superficial gases towards 

5 the vortex. " All the luminous spaces of more transparent clouds, forming 

i the adjacent photosphere, will be changed in shape by these centripetal 

I currents, they will be greatly elongated, and those peculiar aspects which 

the penumbra present will be so produced." This theory doubtless seems 

to be satisfactory in so far as it avoids placing the clouds when it has been 

Bhown they could not possibly exist ; but at the same time it attempts no 

explanation of the cause of the solar cyclones upon the assumption of 

I whose existenoe it is alone founded. 

> ' Besearehea in Solar Physics,' by De La Hue, Stewart, and Loewy. 

* Vide SdieHen, ' Spectrum Analyaia,' p. 415. 
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22. A comparatively new theory, and one which disposes of many 
difficulties connected with the explanation of the violent eruptive forces 
displayed by the jets and prominences in the Sierra, has been propounded 
by Professor Young, of Dartmouth College, Hanover, U.S., in which he 
considers the Sun to be an immense gaseous bubble, the external envelope 
of which is formed of metallic rain falling from the photosphere of luminous 
clouds which floats above it. This rain, on approaching the Sun's strongly 
heated interior, becomes revaporised, thus forming a nearly continuous 
envelope, through which the eruptions which form the jets and prominences 
take place. Proctor says ; " In other words the Sun according to this view 
is a gigantic bubble, whose walls are gradually thickening, and its diameter 
diminishing, at a rate determined by its loss of heat. It differs, however, 
from ordinary bubbles in the fact that its skin is constantly penetrated by 
jets and blasts from within." ^ 

According to this theory the spots are supposed to be places where the 
photospheric clouds are thrust aside, by the cj- clonic downrush of matter 
from without, and the metallic rain thus rendered visible through the 
opening. The luminous clouds 'thrust aside by this assumed downrush, 
being heaped closer together, would naturally shine with greater intensity, 
and consequently appear as faculsB lining the regions of the spots. This 
theory likewise accounts for the peculiarity previously alluded to in the 
penumbra, viz., that it is brighter at its inner than at its outer edge ; that 
is to say, if, according to Proctor, we assume that the lower limit of the 
showers falling all round a spot lie closer than the upper ones (which 
appears likely owing to the indraught caused by the whirling gases), we 
should expect to find, as we actually do in reality, that the lines of rain 
will come closer together, and therefore appear brighter as they converge 
towards the centre of a spot. Proctor appears to consider this coincidence 
BO important as " to throw serious doubts upon all the other theories which 
have hitherto been propounded in explanation of spot phenomena.'* ^ 

23. M. Faye formerly held a theory somewhat similar to that of Pro- 
fessor Young, and agreed with him in considering the photosphere to be 
the effect of partial condensations, but attributed the spots to vertical 
ascending and descending currents within the photosphere, spots being 
produced where the former predominate, and the luminous matter of the 
photosphere is temporarily dissipated, while the retardation of the different 
zones of the photosphere, noticed by Carrington and Laugier, was accounted 
for by the rupture of equilibrium produced by the currents.^ Professor 
Young, however, in dealing with the sun's spots, evidently assumes according 
to his theory that the primary movement commences from without in the 
f(jrm of a doumrtish. 

24. The question, then, whether the primary movement commenced from 
within, or without, was for some time the chief point of difference between 

* 'Science Byways,' by Proctor, p. 123. 

* * Sur la Constitution physique de SoleU,' par M. Faye. Comptes Rendus, Paris. 
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the two rival thories. As I have already had occasion to remark, however, 
M. Faye has been forced to renounce his idea of the primary movement 
commencing from within, owing to the incompatibility of this condition with 
the evidence afbrded by Bpectroscoi>ic analysis. Professor Young's theory 
on the other hand, does not by any means preclude the possibility of the 
oo-existence of an ontrush of gas from the spot, but rather makes this 
phenomenon a necessary consequence of the downrush. Altogether it 
appears to coincide very well with Secchi's and ZoUner's notion that the 
spots are the sequelae of eruptions of gas from the jets and prominences in 
the Sierra, the condensed gas ^or scoria sinking into the photosphere by its 
own gravity. 

25. There is, however, an addition which may be made to Professor 
Young's theory, effecting a slight modification in it without affecting its 
intrinsic worth, from which the peculiarly limited area occupied by the 
spots on the solar disk, the constancy of the sun's light and heat, and the 
phenomenon of downrush have been hitherto thought to flow as necessary 
consequences. I allnde to what is generally known as the meteoric theoiy 
of solar heat, a theory which was started a few years ago by Ma3er, Water- 
ston, and Sir W. Thomson, in which the sun-spots are supposed to be perfora- 
tions in the photosphere caused, or at any rate aided in their production, by a 
periodic rain of meteors, or the straggling meteoric masses, in the train of some 
yet undetected comet travelling in an orbit of eleven years round the snn. 

26. If we accept Schiaparelli's theory of the common origin of shooting 
stars and comets, and combine it with Professor Tait's notion of the consti- 
tution of comets, which he considers to be " swarms of stones or meteors 
from which stragglers are continually falling into the sun, owing to their 
tangential velocity being checked by the collisions that are constantly 
taking place amongst them," ^ we shall have little difficulty in under- 
standing how even comets, ordinarily known as such, might during their 
perihelion passage assist the body or bodies of undetected meteors already 
alluded to in producing the solar spots. In proof of a general connection 
between sun-spots and comets, the zones which the former occupy on the 
solar photosphere are found to correspond in general with the curves in 
which tangent planes to the cone of cometary orbits, if produced, would 
intersect the sun. It may however be objected to this theory, that no 
meteoric or cometary system can pour a steady hail of meteors on the sun, 
for he is their ruling centre, and therefore under ordinary circumstances 
their orbits should pass Tound him without intersecting his substance. It 

^ must be remembered nevertheless, as Proctor says, " that they are infinitely 
more crowded in the neighbourhood of the sun than at a distance from him, 
and therefore at perihelion an indefinite number of meteoric orbits must 
intersect, and collisions be continually taking place between different 
members of countless systems." ^ 

> Tait*! ' Reoent AdvaDces in Physical Science.' 
' ' Other Worlds than Ours.' Proctor. 
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In tlie snn's immediate vicinity, therefore, we may expect to find the 
conditions fulfilled for a constant rain of meteors (probably increasing and 
diminishing periodically according to the density of the streams) npon 
particular zones of the sun's surface. 

The preceding hypothesis has since been abandoned by one of its earliest 
promoters (Sir W. Thomson), as being incompatible with a well-aacertained 
fact, the impossibility of the existence of a resisting medium in the imme- 
diate neighbourhood of the sun. 

It has, however, been remarked that such a medium is not essential to the 
theory, since the same cause which accelerates the motion of Encke's comet is 
capable in the long run of precipitating meteoric streams on the sun's surface.^ 

It is also in accordance with the now universally held theory of the 
origin of the sun and other members of the solar system, that they have 
been formed by the continual aggregation of meteoric matter. Further, it 
has been recently shown that the majority of the substances composing 
meteors are found by their spectra to exist in the sun. Prof. Maskelyne, 
for example, has proved that thirteen out of the twenty-four elements which 
have been found in fallen meteorites, exist in one or other of the solar 
envelopes, while the rest, as Mitscherlich, Angstrom, Wullner, Secchi, and Zoll- 
ner have shown, may also exist there, though their lines are not apparent in 
the solar spectrum.^ The meteoric theory, besides, accounts satisfactorily 
for the position of the spots on the solar disk, the relative position of the 
feculse, heaped up behind the spots by the inrush of meteoric matter in a 
direction contrary to that of the solar axial rotation, the spot farthest 
in advance being the last to disappear, owing to its being in the most 
favourable position for catching the meteors that remain as the stream is 
gradually thinning oflf. Perhaps we might even venture to suppose that 
the sun's spots, once formed by the fall of external meteors, would subsequently 
become the channels by which the condensed residue of the jet eruptions 
found its way again into the sun's heated interior. 

27. Even if the meteoric and cometary theory of sun-spots is unsupported 
by direct evidence, it must be allowed, as Proctor says, to be a strange 
coincidence, that in 1843, a year of minimum sun-spot area, a remarkable 
sun-spot, 74,000 miles in diameter, made its appearance on the Sun's disk 
three months after the perihelion passage of Hubbard's comet — a phenomenon 
which Schwabe regarded as an anomaly, and not to be looked for as the 
general cause of the spots of his cycle. ^ 

It is also noticeable, as somewhat confirmatory of a connection between 
sun-spots and comets, that in general unusually large numbers of comets 
precede or accompany the years of maximum sun-spot, very few non-periodic 
comets being visible at the time ot minimum sun-spot.^ It has besides 

' The acceleration of this comet is, I believe, still *' sub judice.'* 

* Schellen, ' Spectrum Analysis/ p. 411. 

* * Light Science.' Proctor. Vol. 11. 

* Hahn, * Ueber die Beziebungen der Sonnenflebkenperiode lu meteorologiachen Erschei- 
nungen,' p. 178. 
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been calculated that chemical action is insufficient to account for the pro- 
tracted emission of the sun's enormous heat and light, whilst meteoric 
action depends on independent evidence. Sir W. Thomson said (before he 
abandoned the theory), that the former could only generate 3000 years' heat, 
while the latter would account for 20,000,000 years' solar heat. Helmholtz 
has endeavoured to explain this continued emission of heat upon the assump- 
tion that the sun is constantly contracting, and has shown that the shrinking 
of the sun's diameter by ^^^oo part of its present length would generate 
an amount of heat competent to cover the total solar emission for 2000 years. 
Proctor unites the two theories, and appears to think ** the combined effect 
of contraction and the arrival of meteoric supplies would account for that 
steadiness of emission which forms so important a characteristic of solar 
action." ^ 

It must be remarked that if, as the meteoric and cometary theory 
assumes, the sun-spots are regarded as perforations in the photosphere, through 
which the sun is fed, as it were, with meteors, a process strikingly analogous 
to that of firing-up in a furnace, the accompanying eruptive phenomena of 
jets and prominences in the Sierra may be assumed to be caused by the 
increased tension of the gases within the solar bubble, produced by the 
introduction of such quantities of foreign material. 

28. So far the arguments in favour of the meteoric origin of sun-spots 
would appear to be fairly satisfactory. There is, however, one apparently 
insuperable objection to the notion that the sun's heat is chiefly derived 
from the fall of meteors, viz., the discovery by the late well-known French 
astronomer, Leverrier, that the amount of intra- Venusial matter capable of 
being projected into the sun does not amount to more than would suffice 
to maintain the total solar radiation for four years I It may, however, be 
argued on the other hand that the sun is continually moving in space, and 
therefore probably meeting with fresh supplies of meteoric matter, so that 
it need not necessarily be dependent merely upon the small amount that 
exists at any given moment in its immediate neighbourhood. Besides, it is 
quite possible tbat though the sun's heat may be principally due to contrac- 
tion, the periodic secular variations in it, such as those which are believed 
to accompany the different phases of sun-spot activity, may be caused, 
though not necessarily instantaneously, by fluctuations in the supply of 
meteoric matter. Though the meteoric theory in its original form has 
been abandoned by its chief promoter. Sir W. Thomson, it has lately 
been revived in a modified form by Dr. Arthur Schuster, F.E.S., a well- 
known solar observer, by whom no doubt it will be further developed 
in the future. 

29. Meanwhile Professor Young's theory of the constitution of the solar 
envelopes, and the mode in which sun-spots are formed, may be provisionally 
adopted as the one which best accords with the facts hitherto ascertained. 
It may be observed that Professor Young's notion that the sun-spots are 

' The • Sun.' Proctor, p. 459. 

81 



p= 






SOLAB PHENOMENA AND CLIMATIC CYCLES. ESSAY IL 

openings in the photosphere caused by the descent of matter from the region 
above it, coincides with those of Secchi and Zollner, which regard them as 
places where the matter erupted from the metallic protuberances, sinks back 
upon the photosphere and occupies the cavities or depressions in the photo- 
spheric matter displaced by its ovni gravity. The only thing still wanting 
to complete the theory, is a satisfactory answer to the question — What is 
the cause of the approximately regular sub-annual and secular fluctuations 
in the frequency of, and area occupied by, the solar spots ? No theory of 
sun-spot formation can be considered perfect, until it accounts satisfactorily 
for these periodical changes, and as the preceding theory makes them out 
to be secondary phenomena directly depending for their production on the 
metallic protuberances, the problem is in this case merely transferred to 
the latter phenomena, the variations in whose frequency and area approxi- 
mately correspond with those of the spots themselves, thus affording an 
additional proof of the close connection between the two.^ The question 
therefore finally resolves itself into the following, viz. : " What are the 
causes which lead to the semi-annual and secular changes in the number and 
size of the protuberances and jet eruptions ? When this question receives a 
satisfactory and eonclusive answer, the whole science of solar physics will 
have advanced an immense step beyond the position it at present occupies. 

30. But it may be asked, how does the preceding resum^ of the facts and 
theories connected with sun-spot formation help us to discover in what way 
they, or rather the physical changes in the solar atmosphere which regulate 
their frequency and area, affect the meteorology of the earth. In reply to this, 
we would remark, that several of the facts alluded to are decidedly calcu- 
lated to favour the notion of an inverse relation between the amount of solar 
radiated heat and the frequency and area of sun-spots. First, the fact already 
noticed regarding the amount of absorbing vapour above the photosphere, 
at the different epochs of protuberance and spot frequency, and secondly an 
induction from a considemtion of the probable proportion of solar energy 
transformed into radiant heat at the different epochs of solar activity, and 
therefore of sun-spot frequency. In regarding this latter point we may 
assume, to start with, that the total amount of available solar energy is 
practically constant during finite periods. For even if we imagine the 
solar energy to be maintained by continuous contraction, we must suppose 
it to go on regularly, and not by fits and starts. 

Now, how does this available solar energy manifest itself? In two 
ways. First, in the activity by which the heated metallic vapours and 
hydrogen gas are elevated above the general level of the photosphere, from 
whence after their temperature has been considerably lowered by their 
increased radiative capacity in these regions, they subsequently sink back 

* The parallelism is not absolute, however, nor oould this be expected, since certain pn^ 
tuberances being purely hydrogen have nothing to do with the spots. If the metalUe 
protuberances be considered alone the correspondence is more complete. The time 
of minimum sun-spot, for example, is characterised by an almost total absence of large 
metallic protuberances. 
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to form the spots and faculse respectively ; secondly, in radiant heat and 
^^ Kght. 

31. Now if this available solar energy remains constant, it can readily 
be understood how an excess in either of the two ways in which it is 
manifested, necessarily implies a corresponding defect in the other, and 
vice versd. According to this notion therefore, we should expect to find 
the radiation in excess of the average in years of small activity, i,e. in 
jears of minimum sun-spot, and in defect of the average in years of great 
activity, that is in years of maximum sun-spot. « 

32. It seems, then, that most of the evidence hitherto adduced from 
observations of the physical condition of the solar surface favours the pre- 
ceding hypothesis. We shall have occasion subsequently to bring forward 
evidence from the physical conditions that prevail on tha terrestrial globe, 
amongst others an induction from Messrs. Blanford and Eliot's recent theory 
of cyclone generation, which powerfully supports the same hypothesis. It 
may be remarked that several leading physicists, notably Professor 
Balfour Stewart, and Mr. J. Norman Lockyer, strongly incline to hold the 
opposite view, viz., that solar radiation is greatest when there are most spots, 
and vice versd. They arrive at this conclusion by supposing in the first 
place, that greater solar activity, as evinced by a greater number of promi- 
nences and sun-spots, indicates more rapid combustion in the solar furnace 
and therefore more radiation; and secondly, that the greater number of 
cyclones in the tropics (and other storms in the extra-tropics according to 
Professor Stewart) implies greater activity in terrestrial meteorological 
conditions, and so the expenditure of more direct solar heat to produce it. 
The relations between barometric pressure in the tropics and the frequency 
and area of sun-spots recently established by Mr. F. Chambers, are also cited 
in &vour of the same hypothesis, but the considerations involved with regard 
to this element, we propose discussing later. In the meantime it is evident 
that while the majority of physicists, are in favour of some connection 
between the different phases of solar activity and a variability in the 
amount of solar radiation, there is at present a marked division of opinion 
as to whether the relation is direct or inverse. 

33. For the present we vdll abandon any further reference to theories 
founded on telescopic and spectroscopic observation alone, and proceed to 
examine what progress has been made towards a solution of this interesting 
problem, by direct observation of the amount of solar radiation, and by 
comparison of air-temperature and other meteorological elements indirectly 
due to solar radiation, for different years of the sun-spot cycles. We must 
not forget, however, that in dealing with the question of any presumed con- 
nection between solar and terrestrial meteorology, there are certain terres- 
trial phenomena, notably terrestrial magnetism and the Aurora Polaris, which 

• appear to have both a direct and indirect connection with the sun ; and also 
\ that, in endeavouring to trace a connection between solar and terrestrial 
phenomena, we cannot confine our attention solely to a diagnosis of sun- 
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spots, and the post»ibly very limited changes whioh the solar physical con- 
ditions contemporaneous with their periodical variations produce in 
terrestrial climate. 

34. The connection between the sun and the earth is a very complex 
one, and besides the regularly recurring (1) diurnal, (2) seasonal, and 
(3) annual effects due to (1) the force of attraction, and the diurnal rotation 
of the earth, (2) the fixed inclination of the earth's axis to the plane of 
the ecliptic, and (3) the change in the absolute distance of the sun from the 
earth due to the eccentricity of the orbit, embraces effects due to (1) the 
period of solar axial rotation, (2) the relative position of the sun and moon 
with respect to the earth, and (3) the physical condition of the sun's 
surface with respect to spots, jets, and prominences, height of atmosphere, 
brightness of photosphere, &c.; which, though in some cases subject to 
regularly recurring periods of variation, in others are liable to abrupt 
changes, which occasionally are evidently related to equally sudden and 
abnormal phases of terrestrial meteorological, and magnetical phenomena. 
In attempting, therefore, to estimate what terrestrial effects can be 
regarded as having a well-established connection with sun-spots or any 
other 'periodically recurring condition of the solar surface, we should 
expect to find any one effect due to a single cause, so masked by effects due 
to variations in several of the other influences at work, as to necessitate our 
enquiring into all the effects due to each disturbing influence respectively, 
and endeavouring to separate from the complex total the precise effects 
both qualitative and quantitative, corresponding to that one cause alone. 

35. The importance of discovering the true origin and nature of sun- 
spots and the causes of their periodicity, would however be considerably 
increased, were we to find any decided and universal coincidence between 
their phases and those of terrestrial weather ; for even granted that such a 
coincidence did not necessarily imply the existence of any direct correlation 
of cause and effect, we might still search for some common ^vera causa* 
capable of producing or influencing both phenomena simultaneously. 

36. We have already alluded to the connection found to exist between 
the secular variations in terrestrial magnetism and the eleven-year period of 
solar spots. This forms but a portion of a still larger cycle of 55 j^ years, which 
exists in an equally marked degree in both phenomena. This connection, 
fijrst noticed by Wolf and Sabine, was for some time discredited, but has now 
been proved beyond all possibility of doubt by Professor Loomis of Yale 
College, XJ.S.,^ and still more recently by Professor Hermann Fritz of 
Zurich in his magnificent prize essay written for the Haarlem Society 
of Sciences in 1878.* Such an intimate connection between periodic 
variations in terrestrial magnetism and solar spots, is a strong col- 
lateral proof in favour of the existence of some similar connection 

* * American Journal of Scienco and Arts/ 1870-73. 

' Ueber die Beziehungen der Sonnenfiecken zn den meteorologischcn nnd magnetischen 
Erscheinungen der Erde, von H. Fritz. Unarlero, de Erven Loosjes, 1878. 
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between variations in terrestrial weather and solar distarbances. I have 
already observed that according to Professor Balfour Stewart, the majority 
of the meteorolc^cal disturbances produce and govern the corresponding 
variations in terrestrial magnetism. It matters little to us, however, in 
our present incomplete knowledge of these elements, which is the cause 
and which the effect, so long as the connection between them is strong 
enough to enable us by examining the periods of magnetic variation to 
know where to look for corresponding meteorolc^cal disturbances. In 
any case it is probable that to nearly every period of magnetic variation 
(and they are sufficiently numerous and far more easy to determine than 
their meteorological analc^es), there is a corresponding meteorological 
period, and thus by a process of induction, having learned where to look for 
our meteorological periodicities, we may, after hunting them out, be able 
finally to trace them b^k to their primary cosmical causes. 

Through what agency meteorological disturbances cause similar dis- 
turbances in the intensity and direction of terrestrial magnetism is but 
partially understood. In fact, as regards this subject we are, as it were, 
on the threshold of one of the unknown, though still possible developments 
of the meteorology of the future. It has, however, frequently been observed 
that the magnetic pole, the pole of greatest cold, and the pole of the winds, 
are nearly coincident. The equatorial calms or wind equator, together with 
the magneto-dynamical and thermal equators (the two latter in addition to 
the general correspondence of their intermediate lines of equal magnetic 
and thermal intensity), also exhibit a remarkable coincidence. 

It is possible, therefore, as Professor Balfour Stewart thinks, that the 
rarefied upper convection currents ot the atmosphere, generally denomi- 
nated the ** Anti-trades," which are known to exhibit a tendency to converge 
towards the pole of the winds, may act as conductors of electricity from 
the magnetic equator to the magnetic poles. As the regions of greatest 
auroral intensity are approximately coincident with the magnetic poles, 
the idea entertained by De La Eive, the great Swiss electrician, that this 
phenomenon is due to the meeting and silent discharge between the 
opposite electricities with which the equatorial currents and the earth are 
respectively charged, is in complete accordance with, and to all appearance 
a natural consequence of, the theory held by Professor Stewart. According 
to this view the Aurora Polaris should, ceteris paribm, approximately con- 
stitute a measure of the amount of electricity conveyed to the wind- and 
magnetic-poles by the equatorial convection currents. Any increase, 
therefore, in the amount of electricity conveyed by these currents should 
be indicated by a corresponding increase in the number, brilliancy, and 
magnitude of the Aurora Polaris. The conditions under which this 
quantity should rise to a maximum are not easy to determine. Either 
an excess or defect of solar radiation may be the cause. Professor Loomis 
evidently thinks the former, for he thus explains the cause of the annual 
inequality of auroras. " The unequal frequency of auroras in the different 
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montks of the year depends partly upon the amount of electricity present 
in the upper air, and partly upon the humidity of the air by which this 
electricity may be discharged. The supply of electricity must be greatest 
when the evaporation is most rapid, that is in summer, and this is pro- 
bably the reason why in North Ameiica auroras are more frequent in 
9ummer than in tctn^cr."^ The secular maximum, however, which is coinci- 
dent with the maximum of solar spots, he does not attribute to the 
indirect eflfect of any increase of temperature and evaporation, but rather 
to disturbances in the solar electric currents, directly causing both 
frequency of spots and abnormal displays of the aurora. The question 
here naturally suggests itself, Why not attribute the secular changes in 
auroral frequency to a secular variation in the same influences as those by 
which the annual changes are supposed to be caused, instead of having 
recourse to a direct solar magnetic influence ? Did we do so at once on 
the hypothesis put forward by Loomis to account for the annual inequality, 
we should infer that temperature and evaporation were greatest in years of 
maximum auroral frequency, t.e. in years of maximum sun-spot. 

It may, however, be objected to Professor Loomib's hypothesis, that it 
leaves out one very important factor in the production of auroral displays, 
viz., the presence of ice. Humidity and a high temperature are doubtless 
necessary for the production of the electricity and its discharge, but the 
visibility of the phenomenon depends of course on its luminosity, and this, 
according to De La Kive, is a direct function of the resistance which the 
reunion of the two electricities encounters, on account probably of the 
congelation of particles suspended in the air, which constitute the haze 
invariably accompanying this phenomenon. M. De La Rive even infers 
that secular changes in the auroral frequency may be caused by secular 
changes in the accumulations of ice in the neighbourhood of the polar 
regions. For the Aurora Polaris being only the luminous effect of the 
electric discharges which take place around the poles between the ground 
and the vapours that are carried thither, it is necessary, in order to the 
production of this effect, that the discharges should meet on their route 
with icy particles, and that consequently the ground itself must be covered 
with ice. At periods therefore when the regions situated round the magnetic 
pole are covered with less ice than usual, the discharges may take place, 
but they will be little or not at all luminous. 

On the other hand, an unusual accumulation of ice in these regions 
would without any additional supply of vapour probably cause a decided 
increase in the frequency and brilliancy of the visible Aurorae, and from the 
irregularity of the discharges introduced by the increased resistance give 
rise at the same time to those large deviations of magnetic declination 
which usually accompany these phenomena.^ It seems quite pos{>ible then 

* Loomis's * Meteorology,' p. 198. 

* It has been remarked in connection with the same idea that the noighbonrhood of tlie 
Alps may influence the frequent displays of Aurora seen in Northern Italy. 
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that the secular changes in auroral and magnetic difiturbances which 
correspond directly with the secular changes in sun-spot frequency may be 
partly due to variations in the amount of polar ice introduced by coinciding 
secular meteorological changes. Accordingly we should expect to find a 
preponderance of ice at the maximum epoch of sun-spots, and a corresponding 
deficiency at the minimum epoch. 

Now from the investigations of Dr. Chavanne, of Vienna (Petermann's 
Mittheilungen, 1874, pp. 134-245), as reviewed by Professor Fritz in his 
monograph already referred to, as well as other tables furnished by 
different investigators for the amount of ice round the pole, in northern 
rivers, and floating in the Atlantic, the above relation is found to be 
generally true. Moreover the results obtained by Drs. Koppen and Hahn 
from a comparison of the air-temperature in different years for a large 
portion of the Northern hemisphere naturally lead to the same conclusion. 

It would, of course, be absurd to suppose that a variation in the amount 
of ice near the poles is the sde cause of changes in the magnitude and 
frequency of a phenomenon like the aurora, and the magnetic disturbanoes 
which accompany it, both of which often have a" true cosmical character, 
the former being manifested at the poles, and the latter all over the globe 
at the same absolute time. It is quite possible, however, that the presence 
of ice may favour the visibility and magnitude of the phenomenon, while 
the main causes that contribute towards its production may be partly of an 
indirect meteorological and partly of a direct magnetic nature. 

Inability to follow up with precision a line of inductive proof like the 
preceding only arises from our imperfect knowledge of the way in which 
magnetic and meteorological phenomena react upon one another, and by no 
means argues the inability of observing the numerous instances that exist 
of analogous periods of variation in the two phenomena. 

37. By accumulating correlative analogies of this description we may 
ultimately furnish ourselves with such an array of proofs of the exact cor- 
respondence between the two phenomena, that when the method by which 
the one produces or affects the other is thoroughly understood, we may 
without hesitation regard the variations in the one as a complete index to 
similar variations in the other. Before long, therefore, we may come to 
regard the magnetic needle as a sort of meteorological index, the variations 
of which may be taken to indicate corresponding changes in terrestrial 
weather, either coincident with, or following upon, those conditions of the 
convection currents of the atmosphere, which, according to Balfour 
Stewart, directlji^ affect the weather and indirectly the magnetism of the 
globe. 
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12. O-uillemin, A. The forces of nature. 
Trans, by Mrs. Lockyer. 1877-8. [Contains'^ 
chapters on meteorology.] 

13. Hann, J. Ueber die Aufgaben des 
Meteorologie der Gegenwart. 8vo. pp. 26. 
Wien, 6rf. (Lib. Met. Soc.) 

Hann, J. See 1878, 29. 

14. Hoffineyer, N. und O. Neumayer. 
Verhandlungen fiber die Herautgabeeines zweiten 
Theilf der *MonatUche Uebenicht der Witte- 



AL 



1878—1879. 



BIBLIOGRAPHT. 



lanternder Text za den sjnoptischen 
>irektors Hoffmeyer. 8ro. Copen- 
b. Met. Soc) 

SSton, Q. T. InstructioDs for 
in, snow, weather and miscellaneous 

4to. Toronto. (Lib. Met. Soc.) 
a^Ston, G. T. Instructions to ob- 
^linarj stations of the second series, 
to. (Lib. Met. Soc) 
^ston, Q-. T. Instructions to ob- 
ected with the meteorological ser- 
Dominion of Canada. 4to. Toronto, 
oc.) 

a.' J. See 1878, 28. 
b, Ii. V. See 1878, 25. 
on, J. K. See 1878, 43. 
. Clement. See 1878, 43. 
r, Mrs. See 1878, 12. 
Olis, SL Contributions to meteoro- 
loum. Sci., July. [Refers maiuly to 
:onditionjs in U.S. and Europe.] 
hleu (de la Drdme). Le Triple 
indicateur du Temps pour 1879. 
Is. (Lib. Met. Soc.) 
Iruniy C. J. * Nature/ xvii. p. 448, 

). 

)oroL Soc. Scotland. Journal. 

8ro. lixlinburgh. 
soroL Congress. Report to the 
Committee of the first International 
al Congress at Vienna on Atmo- 
Lricity, Maritime Meteorology, Wea- 
aphy. 8ro. London. (Lib. Met. 

serology. Annalen d. Hydro- 
[aritime Meteorologie. 
K>rology. Annuario. Societi Mete- 
liana. Edited by D. Ragona. Vol. i. 

6s. 
K>rology. Beobachtungen meteo- 
. roagnetische d. k. Sternwarte in 
1877. Edited by L. v. Lamont. 8vo. 

lorology. Maaneds oversigt f. d. 
ostitut i Kjobenharn. Juhrgang 

Kjdbenhavn. Ss. 
iOTology. Repertorium fur Meteo- 
ipp. Bd. Erste Halfte. 4to. St. 
(i-8 marks. 

lOrology. Wochenschrift fiir As- 
^tcorologie und Geographic. Edited 
in. 8ro. Halle. 95. 
K>rology. Zeitschrifl, etc., [as iu 
id. by J. Hann. 8vo. Wien. 10». 
XL, £L Bericht abgestattet an den 
ulogischen Congress in Rom. 8vo. 
inted. (Lib. Met. Soc.) 
r, A. G-. The Weather Case, or 
rather Indicator. 'Nature,' xviii. p. 
!^cular issued by the Signal Service 
I States Army.] 

nayer, Q-. Address to German 
nich on the progress of meteorology, 
ii. p. 313-314 (rv), 
ny, J. A. Die Meteorologie und 
vphie im Dientte. d. Landwirth- 
. Leipzig. 2$. 
ton, MV9'* T. A, Report on the 



phenological obserrations for the year 1877. Q. 
Joum. Sfeteorol. Soc, p. 54-70. (EUad Dec. 
19, 1877.) [England.] 
Bagona, D. See 1878, 24. 

35. BoBSiy XT. 8. de. 11 microfono nella 
meteorologia endogena. Studii ed esperienze. 
Bull, de Tulcanismo Italiano. 8vo. Rome. 
(Lib. Met. Soc.) [Endogenoue meteorology 
means earthquake knowledge.] 

36. Sootty R. H. The American storm 
warnings. Nautical Mag. (Lib. Met. Soc.) 

37. &alweit, H. C. W. Magnet. Beo- 
bachtongen in Memel n. e. Versuche d. Unre- 
gelmassigkeiten im tagl. Gauge d. Declina- 
tionsnadel a. meteorulogischen Zuriickzufuhren. 
4to. Kdnigtberg. 4s. 

38. Stewart, Balfour. Sun-epots and ^ 
weather. * Nature,' xviii. p. 616. [Temperature.] 

39. Tarry, H. ^change de t^l^grammes 
meteorologiques entre TEurope et TAfrique. 
4to. 2nd ed. Boi*deaux. (Lib. Met. Soc.) 

40. Thomson, Q-. 8. The weather. <v 

* Nature,' xix. p. 148. [Clifton in England.] 

41. Wild, H. Bericht iiber Art. 10 des 
Programms des 2ten intemationalen Meteoro- 
logen Congresses in Rom. 8ro. St. Peters- 
burg. (Lib. Met. Soc.) 

42. Catalogue des ouvrages d'Astronomie et 
m^t^rologie found in the principal libraries of 
Belgium, pp. 640 and xxiii. 75. Qd. 

43. The Meteorological Society's lectures. 

* Nature,' xix. p. 177, 178. [Abstracts of lectures 
by J. K. Laughton on **Air temperature, its 
distribution and range," and by W, Clement Ley, 
on ** Clouds and weather signs."] 

44. Weekly statistics of the weather. 'Nature,* re 
xvii. p. 489. [British Isles.] 

1879. 

1. Archibald, S. D. The weather and ^ 
the sun. * Nature,' xx. p. 626-627 (rr). 

2. Blake, C. C. Weather calculations 
from March 1st, 1879, to April 1st, 1880 ; with 
an appendix of new astronomical laws. Folio. 
Decatur. (Lib. Met. Soc.) 

3. Blanford, H. F. Report on question 
26 of the programme for the Meteorological 
Congress of 1879. 8vo. Privately printed. 
(Lib. Met. Soc.) 

4. Brault, Ij. Question No. 34 du pro- 
gramme du deuxi^me Congr^ m^t^rologique 
de Rome, relative k la construction et i la 
publication des Cartes synoptiques. Folio. Rome. 
(Lib. Met. Soc.) 

Brooard. See 1879, 30. 

5. Bruhns, C. Bericht iiber die Fragen 
8, 15, 33 und 35 des Programms ftir den Me- 
teorologen - Congress in Kom, 1879. 8vo. 
Leipzig. (Lib. Met. Soc) 

6. Bureau Central M6t6orologlque 
de Franoe. Instructions mdttorologiques. 
8vo. Paris. (Lib. Met. Soc.) 

7. Burgess, A. H. Storm warnings. ^ 

* Nature,' xix. p. 313-314 (r»). '^ 

8. Canton!, Q-. Osservazioni meteoriche 
n servizio dell' agricultura. 8to. Rome. (Lib« 
Met. Soc.) 
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9. Crolly James. Climatic efTects of the 
^ present eccentricity. * Nature,' zx. p. 602 (rr). 

[Temperature.] 

10. Denza, F. Alcune notizie intorno al 
Congresso Meteorologico Internazionale tenutosi 
a Parigi dal 24 al 28 Agosto 1878. 8to. Rome. 
(Lib. Met. Soc.) 

11. DepretiSy A. Discours prononc^ a 
I'ouverture du 2"* Congr^ metebrologique inter- 
national de Rome. 8vo. Rome. (Lib. Met. Soc.) 

12. SSbermayer. Bericht uber die Fragen 
18 und 21 des Programms ftir den Meteoro- 
logen-Congress in Rom, 1878. 8vo. Leipzig. 
(Lib. Met. Soc.) 

13. Mils, Win. The recent weather. 
> * Nature/ xx. p. 313 (rr). [Weather here means 

temperature and sunshine at Greenwich.] 

14. Ferrari, A. On two new meteoro- 
logical works. * La Natura/ iii. 

15. Fisher, O. Climatic eflects of the 
^ present cxccntricity. * Nature,* xx. p. 577-578 ; 

626 (rp). [Temperature.] 
' ^ 16. Fonvielle, W. de. Ia provision du 
' temps. 12mo. Paris. 1'5 marks. 

17. Friesenhoff, Q. Die Wetterlehre, 
^ Oder praktische Meteorologie. 8vo. Wien. 

2*4 marks. 

18. Fritz, SL Die Bezichungen der Sonnen- 
flecken zu den magnetischcn und meteoro- 
logischen Erscheinungen d. £rde. 4to. Haar- 
lem. 12«. 

19. Hann, J. Bemerkungen und Ver- 
schliige zu den gegenwartigen Grundlagcn der 

^ Wetterprognose. Zeits. f. Meteorol. 8vo. Wien. 
0*4 mark. (Lib. Met. Soc.) 

20. Hann, J. Bericht iiber die Frage : — 
Wie kdnnen die Meteorol. Institute sich d. Land- 
und Forstwirthschaft fbrderlich erweiscn ? 8vo. 
Wien. 0-8 mark. 

21. Hann, J. Bericht erstattet dem 
zweiten intcrnationalen Mctcorologen-Congress 
iiber die Beobachtungen auf hohen Bergen und 
im Luft-Ballon. (Punkt 30 des Programms.) 
8vo. Vienna. (Lib. Met. Soc.) 

Hann, J. See 1879, 55. 

22. Hellman, Qt. Der zweite international 
Meteorologen-Congress abgehalten zu Rom im 
April 1879. Zeits. preuss. Statis. Bureaus. 
(Lib. Met. Soc.) 

23. Hellman, O. Die Organisation des 
meteorologischen Dienstes in den Hauptstaaten 
Europas. Zeit. preuss. Statis. Bureaus. (Lib. 
Met. Soc.) 

24. Hellmann, Qt. Plan fiir meteoro- 
logischen Beobachtungen im Dienste der Land- 
wirthschaft des K&nigreichs Preussen. Land- 
wirths. Jahrb. Tiii. (Lib. Met. Soc.) 

25. Hill, Sj. Climatal effect of eccentricity. 
^ * Nature,* xx. p. 626 (rr). [Temperature.] 

26. Hofitaieyer, TSi. Rapport sur Ics 
cartes synoptiques. 8ro. Copenhagen. (Lib. 
Met. Soc.) 

Klein, H. J. See 1879, 50. 

27. Kopp, H. Einiges iiber Witterungs- 
Angaben. 8vo. Braunschweig. 3*6 marks. 

28. Iiancaster, A. Notes m^tiSorologiques. 
Annuaire de POba. Roy. Bruzelles pour 18i30. 
Odb. TAei, Soc.) 
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lAUghton, J. BL See 1879, 84. 
Iiey, Bev. W. C. See 1879, 34. 

29. Iiibumao, J. R. B. Ii. von. Bericht 
fUr den zweiten intemationalen IfeteoToIogen- 
Congress iiber die Frage : Wie kOnneiidiemeteo> 
rologbchen Institute sich der Land- und Forst- 
wirthschaft forderlich erweisen ? (Zu Punkt 35 
des Programms.) 8vo. Vienna. (Lib. Met. 
Soc.) 

30. Iioomis, S. M^moires de M^USorologie 
dynamique, ezpoe^ de r^ultats de la diicntsion d. 
cartes du temps des £tai<»-Unia. Trans, by Bro- 
card. 8to. pp. 16 and 214. Paris. 4t. 

31. IiOOmis, SL Contributions to meteo- 
rology. 10th No. : Am. Joum. Sci. Jan. 11th ^ 
No.: July. 

32. liorenz, J. Wald, Klima n. Wetter. 
8to. pp. Tiii. and 274. Miinchen. 3t. 

33. Jjorenz, J. Bericht uber die Frage: 
Wie kUnnen, etc [as in 1879, 29.] 8ro. Wien. 
0*8 mark. 

34. Mann, R. J., J. K. Iiaugliton, B. 
Strachan, Bev. W. C. Ifoy, Qt, J.\ 
Symons, and R. H. Soott. Modern Meteo- 
rology. 8yo. London. 45. 6d. 

35. Marid - Davy, H. Meteorological 
registers. Joum. de Phys., April — 'Nature,' 
XX. p. 320-323 (rr). 

36. Marriott, Wm. Reduction of Meteo- 
rological Observations. Trans. Watford Nit 
Hist. Soc, ii. p. 197-208. (Read May 13; pob. ' 
Dec.) 

37. Mascart. On the inscription of meteo- 
rological phenomena, particularly electricity aaJ 
pressure. Joum. de Physique. Oct. 

38. MeteoroL Ck>mbrenoe. Bericht fiber • 
eine Konferenz in Hamburg zur BcsprechoDf 
einiger Punkte, welche, auf den Betrieb imd die 
I'jnrichtung des Witterungs und Signal-Dienstei 
in Nordwest Europa Bezug haben, December 
1875. 8vo. Hamburg. (Lib. Met, Soa) 

39. MeteoroL Conferenoe. Minutes of 
Proceedings of the Intercolonial Meteorological 
Conference held at Svdney on the 11th, 19th, 
14th Nov. 1879. Folio. Sydney. (Lib. Met. 
Soc.) 

40. Meteorol. Cong^ss. Congrte Inter- 
national de Meteorologie tenu k Paris du 24 n 
28 aoat 1878. 8vo. Paris. (Lib. Met. Soc) 

41. MeteoroL Congress. Rapports sar 
les questions du programme du deuzi^me Cob- 
gr^ m^tdorologique international de Rone. 
8vo. Rome. (IJb. Met. Soc.) 

42. MeteoroL Congress. Rapport sor 
les travaux du deuxi^me Congr^8 interaatioDal 
des m^t<k)rologi8tes r^unis i Rome du 14 au 33 
avril 1879. Proc^-verbaux ct appendices. 8ro. 
Rome. (Lib. Met. Soc.) 

43. MeteoroL Congress. Report of the 
proceedings of the second international meteoro* 
logical Congress at Rome, 1879. 8to. London. 
(Lib. Met. Soc.) 

44. MeteoroL Congress. Protocolle der 
Verhandlungen d. permanenten Comity einges. 
v. d. ersten Meteorologen-Congress in Wien. 
1873. Sitzungen in Utrecht. 1878. 4te. 
Leipzig. 1*5 marks. 

45. MeteoroL CongresB. Congrts (dtn- 
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ae) milUorologiqiie intemational de Rome, 
e. L 8to. pp. 96. Rome. 

6. MeteoroL Soe. Quarterly Journal. 
T. 8ro. London. (Lib. Met. Soc.) 

7. Meteorology. Aarbog meteorologisk 
)anske Meteor. Imt. i Kjobenham for 1878. 
). Copenhagen. 

8. Meteorology. Annalen d. Hydro- 
phle n. maritimen Meteorologie. 4to. 
'lin. Sg. 

9. Meteorology. Bureau central meteo- 
i^que de France. Instructions m^t^rolo- 
ues. 8to. Paris. 2*2 marks. 

>0. Meteorology.' Fortschritte d. Meteo- 

ogie. 1877-1879. ESited by H. J. Klein. 

>. Koln. Pp. 126. 2s. 

»1. Meteorology. Jahrbuch, etc [ns in 

r3, 36.] Edited by Guido SchenzL Bd. vii. 

K Budapest. 10s. 

>2. Meteorology. Repertorium f. Meteo- 

ogie. £d. by H. Wild. 4to. Bd. vi. Heft 

7'7 marks. Heft 2. Pp. 426. 17 marks. 
iS. Meteorology. Schweizer meteorolo- 
dien Beobacktungen. Bd. zvi. Edited by R. 
df. 4to. Zurich. 9s. 
>4. Meteorology. Symons's Monthly 
ieorological Mag. 8vo. London. 
>5. Meteorology. Zeitschrift etc. [as in 
;6, 27.] Bd. ziii. Edited by J. Hann. 8vo. 
en. 12s. 

>6. Mohn, SL Grundzuge d. Meteorologie. 
) Lehre d. Wind u. Wetter. 2nd ed. 8vo. 
rlin. 5*4 marks. 

i7. Mo6eley,H.N. Notes by a Naturalist 
the Challenger. 8yo. London (rr). 

58. Miiller-Foilillet. Lehrbuch d. Physik 
Meteorologie. 8th ed. by P&nndler. Bd. 

8to. Braunschweig. 

59. Ifenmayer, Oeo, Denkschrift iiber 
ige Vorschlsge zur Durchfuhrung des in dem 
nkte 31 des Programms fur den zweiten inter- 
tionalen Meteorologen>Kongress angeregten Ge- 
ikena, mit besonderer Beziehung auf die Ge- 
udea der Erde in hohereu siidlichen Breiten. 
). Hamburg. (Lib. Met. Soc.) 

60. P. Pigeons and weather warnings. ' Na- 
re,' XX. p. 363 (rt>). 

61. Fernet, J. Bericht iiber die Frage 16 
I Programms fiir den Meteorologen-Congress 

Rom, 1879. 8to. Leipzig. (Lib. Met. 

Ffirandler. See 1879, 58. 

62. Pittei, C. Congresso Intemazionale di 
iteorologia a Roma. Rivista Marittima. (Lib. 
^Soe.) 

S3. Fittei* C. Rapports pr^nteB au deu- 
me Congrte meti^rologiqne intemational de 
me. 8ro. Florence. (Lib. Met. Soc.) 

64. Poey, A. Comment on observe les 
ages pour pr^oir le temps. 3rd ed. Svo. 
. 5 and 176. Paris. 4«. 6<i. (Lib. Met. Soc.) 

65. PreetOXl, Bev. T. A. Report on the 
enological obeerrations for the year 1878. 

Journ. Meteoro). Soc, p. 42-64. [England.] 

66. Boeai, M. & oe. La Meteorologia 
if»gc]ia. 8to. Milano. 7s. [Earthquakes.] 

flcheniKl, Onida See 1879, 51. 

67. Bolltilti^ Am BmerkQiigen z. d. Be- 



richte iiber d. Organisation e. meteorolog. Dien- 
stes in Interesse d. Land* u. Forstwirthschaft. 
Svo. Berlin. 6s. 

Scott, R. H. See 1879, 34. 

68. Sidler, W. Z. Entwicklungs- Geschi- 
chte d. modem. Meteorologie. Svo. 

69. Smyth, Piazzi. Weather past and to v 
come. * Nature,* xix. p. 338 (rn). [Temperature.] * 

70. Spooner, W. C. The seasons and the 
crops ; their mutual relations. Svo. Dorchester. 
(Lib. Met. Soc.) 

Strachan, R. See 1879, 34. 

Ssnnons, G*. J. See 1879, 34; 1879, 54. 

71. Tissandier, O-. Observations met^ro- 
logiques en ballon. R^um6 de 25 ascensions 
aerostatiques. Svo. Paris. Pp. 55. Is. 6€f. 

72. Wettstein, H. Die StrOmungen d. ^ 
Festen, Fliissigen und Gasformigen und ihre 
Bedeutung fiir Geologic, Astronomic, Klimato- 
logic und Meteorologie. Svo. Ziirich, 1880. 
[Published in 1879.] 8s. 

Wild, H. See 1879, 52. 

73. Wild, H. Rapports succincts sur quel- 
ques articles du programme du deuxi^me Con- 
grte international des m^t^orologistes k Rome en 
1879. 4to. St. Petersburg. 

74. Williams, W. Mathieu. A possible 
consequence of our present weather. ' Nature,' "^ 
xxi^. 130-131 (rp). 

Wolf, R. See 1879, 53. 

75. Instructions to meteorological observers 
issued by the Meteorological Committee. Svo. 
Cape Town. (Lib. Met. Soc.) 

76. The Meteorological Congress at Rome. 
* Nature,* xx. p. 57-59 (rtj). [Nothing for these 
notes.] 

77. Meteorological Notes. * Nature,' xx. p. 
270, 271 (r»). [The subjects referred to arc: 
Loomis's observations on wind and areas of low 
barometric pressure in New England and on 
Mt. Washington ; the observations at Stony - 
hurst ; and the rain results for New S. Wales.] 

78. Meteorological Notes. * Nature,* xxi. 
p. 48-49 (re). [The subjects dealt with are : 
temperature in London ; connection between 
weather and rate of mortality in the Australian 
colonies; the weather in Iceland and in Vic- 
toria.] 

79. Meteorological Notes. * Nature,* xxi. 
p. 142 (ro). [Subjects : typhoon in the China 
and Japan seas ; the weather of Missouri ; the 
temperature of the Atlantic and of the Britbh 
Isles.] 

80. Meteorological Organisations. * Nature,' 
xix. p. 514 (rp). 

81. Weather Charts for the Northern Hemis- 
phere. « Nature,* xx. p. 381-383 (ro). 

82. 'Nature,* vol. xix. p. 189 to end (rr); 
vol. XX. (rp) ; xxi. p. 1-196 (rr). 

83. Royal Society. Catalogue of Scientific 
Papen, vol. viii. (rs). 

84. The Weather and its Prediction. * Quar- 
terly Review,* Oct. 

1880. 

1. Aratus. The skies and weather forecasts. 7 
Translated by E. Poste, MJL Svo. London, i 
3«. 6dL 
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2. Bruhns, C. Die Benutzang der Me- 
teorologie fur landwirthschaftliche Arbeiten. 
Mittheil. oekon. Gcsells. Sachsen. (Lib. Met. Soc.) 

3. BruhnSy C. Bericht iiber das ineteoro- 
logische Bureau fiir Wetterprognosen im Konig- 
reich Sachsen, 1879. 8to. Leipzig. (Lib. 
Met Soc.) 

4. Bureau Central M6t6orologique 

de France. Instructions pour robserration 
des ph^om^nes p^riodiqnes des animauz et des 
vcg^tauz. 4to. Paris. (Lib. Met. Soc.) 

5. Cantoniy O. Sd le osservazioni me- 
teorico-agrarii. Sro. Varese. (Lib. Met Soc.) 

6. Desoroiz, Ii. R^uin4 m^tdorologique 
des ann^ agricoles 1873-1880. Ann. de I'Obs. 
de Montsouris pour Tan 1881. (Lib. Met. Soc.) 

7. Houzeau, J. C. Traits ^l<Unentaire de 
Mdt^roloeie. 8to. 

8. Jexucins. On a connection between me- 
teorological phenomena and the time of arrival 
of the earth at perihelion. Atti Accad. Lincei, 
May. 

9. Iiey, Bev. W. C. Aids to the study 
and forecast of the weather. 8ro. London. 
(Lib. Met Soc.) 

10. IiOOmiSy Sj. Contributions to Meteoro- 
logy. 12th No. Am. Joum. Sci., Feb. 

11. IiOomiSy E. Contributions to Meteoro- 
logy. 13th No. Ann. Joum. Sci., July. 

12. M., BL The U.S. Weather Charts. 
* Nature,' xxiii. p. 147 (rv). [Nothing in it for 
these notes.] 

13. Maroety Wm. On the influence of 
altitude with reference to the treatment of pul- 
monary disease. Brit. Med. Joum. Oct. 2. 
Read to Brit. Med. Assoc, at Cambridge, Aug. 
(ra). 

14. Marid-Davy, H. Met^rologique 
Agricole. Ann. de I'Obs. de Montsouris pour 
I'an 1881. (Lib. Met Soc.) 

15. Mascart. Sur I'inscription des phdno- 
m^ncs m^teorologiques, en particulier dc Telec- 
tricit^ et de la pression. Ann. Soc. Met. France, 
xxviii. (Lib. Met Soc.) 

16. Meteorology. RepertoHum fiir me- 
teorologie. Bd. vii. £d. by H. Wild. 

17. Parkin, John. Epidemiology ; or the 
cause of epidemic disease, of murrains, of blight, 
of hurricanes, and of abnormal atmospherical 
vicissitudes. 2ud ed. 8vo. 

18. Forro, 8. On some recent studies in 
agrarian meteorology. ' La Natura,' iv. 

Foste, E. See 1880, 1. 

19. Froston, Bev. T. A. Report on the 
phenological obserrntions for the year 1879. 
Q. Journ. Meteorol. Soc., p. 1-28. (Lib. Met. Soc.) 

20. Bamsay, A. On the diurnal periodicity. 
The Scient. Roll : Climate, i. p. 2-9. (Lib. Met. 
Soc.) 

21. Bamsay, A. General bibliography of 
climate, 1485 to 1830. The Scient. Roll, i. p. 
11-16. (Lib. Met. Soc.) 

22. BenoUt K Note sur Thiver de 1880. 
Ann. Soc M<St. France, xxvii. (Lib. Met Soc.) 

23. Sootts B. BL Weather forecasting. 
Brit Aim. and Comp. for 1881. 

24. Tayler, W. B. Henry and the tele- 
grapb. Smiths. Beport for 1878. 

76 



25. Tridon^ Ii. Considerations sur les 
explorations a^riennes i de grandes hanteurs. 
Ann. Soc. M4t. France, xxTiii. (Lib. Met Soc.) 

26. Wilson, Wm. The ocean as a health 
resort. 8ro. London. 

27. Wragge, C. L. Forecasting the wea- 
ther. (Lib. Met Soc.) [? date. Abont 188U.] 

28. What is the climate most farourable to 
the development of civilisation? Annuaire de 
rObs. Braxelles. 

29. Ciel et Terre. 8vo. Brussels. [A 
popular journal of astronomy and meteorologr. 
Published fortnightly.] 

30. International monthly chart for April, 
1878. * Nature,* xxi. opp. p. 304 ; May, 1878, 
same vol., opp. p. 377 ; June, 1878, same vol., 
opp. p. 500 ; July, 1878, same vol., opp. p. 5C5 ; 
August, 1878, xxii., opp. p. 36; for September, 

1877, same voL, opp. p. 100 ; Sept. 1878, same 
vol., opp. p. 249 ; Oct and Nov. 1878, same vol, 
opp. p. 516. Dec. 1878, xxiii., opp. p. 39. 

(The maps are loose ; the reference to pages may 
not therefore be correct for some copi». They 
show the mean temperature, pressure, direction, 
and force of wind for each month at 7*35 A.M. 
(Washington time) for a large portion of the 
northern hemisphere, and for a few places ia 
the southern hemisphere.] 

31. Intercolonial Meteorological Conference at 
Sydney. * Nature,' xxii. p. 160 (ro). [Nothing 
in it for th« se notes ; relates mainly to arrange- 
ments for weather warnings.] 

32. International Meteorology. * Nature,* 
xxii. p. 307; 471-472 (re). 

[The first article is the programme of the 
International Meteorological Committee meeting 
at Berne and of the Conference meeting at 
Vienna. The second gives results of the Berne 
meeting and the resolutions adopted.] 

33. Meteorological Notes. * Nature,' xxi. 
p. 265-266 (rp). [Clouds, temperature, and 
pressure ; wind charta of the Pacific, Atlantic, 
and Indian oceans, and waterspout off Cape 
Spada.]— xxi., p. 384-385 (rv), [Meteorology of 
Bombay; pressure, rainfall, and wind; tempera- 
ture and rainfall of Austria and Hungary.] — 
xxi., p. 503-504 (rr). [Tay Bridge storm; 
weather of Canada; atmospheric pressure in 
U.S. ; rates of progress of storm centres.]— 
xxii., p. 132-133 (rr). [Sweden ; Tasmania.]- 
xxii., p. 253-254 (rr). [U.S. Missouri ; wind 
and rainfall ; Maiden island in 4^ 2' S.] — xxii., 
p. 594 (rv). [Thunderstorms, temperature, and 
barometer; United States; Scotland.] — xxiii., 
p. 183-184 (rv), [The U.S. weather maf»s; 
Canada, U.S., and British Isles; temperature; 
barometric pressure in London ; Falkland 
Islands.] 

34. Ihe United States weather maps. 'Na- 
ture,' xxi. p. 304-305 (rr). [United States.] 

35. The United States weather maps, April t» 
July, 1878. 'Nature,' xxi. p. 565-567 (re). 

36. The United States weather map, Aug- 

1878. * Nature,' xxii. p. 36-37 (rv). 

37. The United States weather maps. Sept. 

1877. • Nature,' xxii. p. 100 (rv). 

38. The United States weather maps. Sept* 

1878. * Nature/ xxii. p. 253-254 (rr). 
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lie United States weather maps for Oct. 
\ 1878. * Nature,' xxii. p. 516, 517 (ro). 
he United States weather maps. De- 
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Nature,' vol. xxi. p. 197 to end (re); 
; xxiii. p. 1-212 (ro). 
lapport des discussions et des resolutions 
bnference Internationale pour la muteo- 

aj^cole et foresti^re tenue i Vienne 
iche dn 6 an 9 septembre 1880. 8ro. 

(Lib. Met. Soc.) 
lie Scientific Roll. Climate. Vol. i. 
. 8yo. (Lib. Met. Soc.) 



1881. 

rehibald, 38. D. On the connection 

I solar phenomena and climatic cycles. 

rhe Scient. Roll : Climate, i. p. 17-37. 

efoSoc) 

., H. W. The recent severe weather. 

»,' xxiii. p. 329 (ro). [Weather = tempe- 

n Brit. Isles.] 

, H. W. The recent severe weather. 



* Nature,* xxiii. p. 363-364 (r»). [Temperature 

CjTCleiLl 

4. f . M. 8. The recent severe weather. ^ 
'Nature,' xxii. p. 363 (rt>). [Temperature cycles.] 

5. IiOomiBy Sj. Contributions to meteoro-^ 
logy. Am. Joum. Sci. Jan. [Wind.] 

6. ICeteoroL CounoiL Report for 1880. 
8vo. Pp. 118. (Lib. Met. Soc.) 

7. Meteorology. Revista mensual climato- 
logica. Tomo i. 4to. (Lib. Met. Soc) 

8. H. R. L A. The recent severe weather. ^ 
'Nature,' xxiii. p. 411 (rv), 

9. Freeton, Bev. T. A. Report on the 
phenological observations for the year 1880. 
Q. Joum. Meteorol. Soc, vii. p. 13-39. [Eng- 
land.] 

10. Bamsay, A. General bibliography of 
climate, 1831 to 1881. The Scient. Roll: Climate, 
i. p. 38-47 ; 49-77. 

11. Meteorological Notes. 'Nature,' xxiii. p. 
322-323 (n>). [Wind; Mauritius: Europe.] 
— xxiii. p. 470-471 (ro). [Europe ; Cobham 
in Surrey ; British Islands : Scotland : England.] 

12. The Scientific Roll : Climate. Vol. i. d. 
17-80. 8vo. 
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1607. 

Davis, John. 7*he Voyage* and Work* of John Davis^ the Navigator. Haklajt Soe. 
Edited by A. H. Markham, 1880. The 8eaman*$ SeereU. (rv). 

(^Page 308.) A climate is the space included between two parallels wherein the day 
is sensibly lengthened or shortened half an honr ; the climates take the names from 
such famous places as are within the said climates. The Ist passeth through Heroe, 
between 12° 45' and 20° 30'; 2nd, Syene, 20° 30' and 27° 30'; 3rd, Alexandria, 2r 30' 
and 33° 40'; 4th, Rhodes, 33° 40' and 39°; 6th, Rome, 39° and 43° 30'; 6th, Boris- 
thenes, 43° 30' and 47° 15' ; 7th, Rhipaan Mountains, 47° 15' and 60° 20'; 8th, Maotis, 
or London, 60° 20' and 62° 10' ; 9th, Denmark, 62° 10' and 65^ 30'. 

1833. 

Ainsworth, W. Journal of the Royal Geographical Society, I. (for 1831). 2nd cd. 

(1833) (ru). 
{Pa^e 211.) Capt. Beechey's expedition noticed that in the Arctic regions in 1826, 
{Page 112) when the weiither was settled, the aurora generally hts^n in the w.N.w., 
and passed over to the n.e., until a certain period, after which it as regularly comAieDoed 
in the n.e. and passed to the N.w. ; whilst in 1827 the appearances of the meteor were 
as uncertain as the season was boisterous and changeable. The period when this changs 
in the course of the light took place coincided very nearly with that of the equinox. 

1851. 

Alexander, J. H. (B. 4.) 

[He says weather on the third day before new moon regulates that on each quarter- 
day, and that generally of the whole period.] 

1853. 

Maclaren, C. Art, America, Encydopxdia Britannica, vol. iL (ra). 
{Page 670.) The latitude and elevation of the land in every country, its position in 
reference to the sea, with the direction of the prevailing winds, are the chief cinmm- 
stances which determine the nature of the climate. 

1859. 

English CyclopsBdia. (B. 4.) 
{Col, 921.) Almost as soon as the barometer was discovered, it was observed that 
changes in the height of the mercury corresponded to changes in the weather. The 
{Ool. 933) water barometer (1 in. bore) is affected by the weather one hour sooner than 
the ordinary barometer with half an inch bore, and this one hour before a barometer 
with • 15 in. bore. 

EnglJBh Oyolopffidia. {B. 4.) 
{Col, 967.) The climate of the Greeks corresponded roughly to our latitudes. They 
indicated in a general way the comparative temperature which a country enjoys by 
78 
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eason of its smAller or greater distance from the equator. The modem term dimate 
iss a wider meaning. It implies ail the phenomena which affect vegetation and render 
I coontry a fit abode for men and animals. Heat and moisture, properly speaking, 
oQstitute climate ; but the latter is dependent on the former, while that itself varies 
•rig^nally according to distance from the equator and height above the level of the sea, 
he results of both co-ordinates being themselves subject to variation from other causes, 
The other phenomena, such as wind, electricity, &c., affect these constituents of 
:limate ; but they require a separate consideration as modifiers of it, according to the 
lew we take of the subject. 

1860. 

BngliBh Cyolopsddia. (B. 7.) 
(Oai. 599.) Meteorology in its extended sense embraces all physical causes which 
ffect the state of the atmosphere or are affected by it. Hence it is connected with the 
henomena of heat and cold, dew, rain, hail and snow, clouds, winds, aurors boreales 
nd australes, haloes, parhelia, &c. The sense in which Aristotle uses it is still more 
xtensive, comprehending, in addition to what are now called meteors, every affection 
ommon to the air and water, with the character of the different parts of the earth and 
lidr affectionsy as winds and earthquakes, and everything incident to such moods of 
notion. 

Grey, Earl de. (S. 9.) 
{Page cxlv.) Meteorology has approached to the character of an exact science. It is 
ow by no means difficult to estimate the climate of any place of which the geographical 
oaltioQ is known. The hours of highest and lowest temperature and barometric 
reKUie, the normal height of the mercurial column, and the prevalence of moist air, 
lin or dryness, much or little wind, can be predicated approximately for any part of the 
rorld, although in thai particular place no observations may yet have been made, 
page cxlvi) Dampier, De Foe, Capper, Flinders, are amongst the contributors to 
neteorological science. Instruments have been lent by Qovemmcnt to upwards of 
hirty fishing villages. 

1861. 

Engliah CyolopsBdia. (B. 16.) 

{Col, 165.) Mountains arrest the fleeting clouds ; their influence on local climate is 
all-powerful, and depends upon the ^direction in which they lie as regards the sun*s 
eoorse, their height, their position upon the surface of the globe, their proximity to or 
Temoteness from the sea, the winds they arrest or give passage to, etc. They have also 
a dimate, or rather a great variety of climates, of [their own. Thus, in ascending from 
the Ka towards the summit of the Andes almost every kind of climate is passed through, 
Bnrly as completely as if the traveller were to proceed from the equator towards the 
poles. 

[In the latter part of this passage climate seems to mean little more than temperature, 
while in the former its meaning is more extensive. — ^A. R.] 

EngHBh CyolopsBdia. (B. 16.) 
{ChL 428.) The phenomena of the seasons may be divided into those which occur 
Jttrty and those which are different in different years. We have in every year the same 
neoenon of longer and shorter days, with a summer and winter, while the sunmier of 
one year is of a higher temperature and is accompanied by finer days than that of another. 
^ unvarying phenomena can be explained by what we know of the sun's (or earth's) 
>iotioii ; the varying phenomena belong to meteorology, and depend upon atmospheric 
■ nd other dicumstaDoes with which we have little or no acquaintance. The earth's 
^ pnaerves its direction throughout the whole of the yearly motion. The consequence 
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is that places which are distant from the equator have very unequal days at different 
times of the year. The accompanying figure [not reproduced here], which is generally 
given in connection with the subject, represents the earth in its four principal position^ 
the sun being at 8., and N. being the north |X)le of the earth ; A is at the vernal 
equinox ; the intersection of the equstor and ecliptic passes through the sun, and 
(col. 429) days and nights are equal all over the world. B is the summer solstice, 
when the sun is most above the equator on the northern side ; the diurnal circles have 
more day than night, and have their longest days, and vice versa. C being the 
autumnal equinox, the phenomena of A are repeated. D is at the winter solstice, when 
the sun is farthest from the equator on the southern side : the phenomena of B are now 
reversed, the days being shortest on the north side of the equator. This figure very 
well explains the variation of days and the main reason for the phenomena of seasons in 
the extra-tropical parts of the earth. It is evident, speaking of the northern hemisphere, 
the sun being above the equator gives not only longer days, but greater altitudes, more 
powerful light and heat, and more of it in duration. It does not serve for the troincal 
climates, as the days and nights are so nearly equal throughout the year that seasons 
are caused more by the effects of the winds (which are very regular, and depend mainly 
upon the sun*s position) than by changes in the direct action of the sun^s light ami 
heat. The seasons arc not so much a summer and winter as a recurrence of dry and 
wet periods — two in each year. 

Pit2Roy,B. (B. 17.) 
(Page cli.) Simultaneous daily observations were started in 1857 at a number of 
stations in the British Isles and on the Continent. Storm-warnings were suggested 
(page clii) before 1836, but were not commenced till September 18G0. The first warn- 
ings were given on Feb. 6th, 1861. 

Galton, F. (B. 18.) 
[His paper is simply a suggestion of a method of making meteorological charts so as 
to give a bird's eye of the various phenomena of rain, &c] 
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1863. 

Beardmore, N. {B, 2.) 

(^Poffe 1.) The British Meteorological Society was founded in 1850. Continaona 
{Page 2) ohseiTations are made at numy stations. Brookes's photo-recordiog system ia 
{Page 3) a great improvement. The perturbations in the sun's photosphere appear to 
react on the earth^s atmosphere. Wolf has discovered a secular period of eleven years 
in the sun's spota. The method of recording and signalling by telegraph simultaneous 
rfadniga which prevail over wide areas has of late years assumed a very prominent 
poeiticm. In July 1856 Le Yerrier introduced the system of having the state of the 
weather at different points in France telegraphed to the Imperial Observatory, where 
the obeervations were reduced and issued in the form of a daily bulletin, and soon after 
{Ptige 4) he extended his area for returns over a large portion of Europe. It was soon 
found that the principal meteorological disturbances wero propagated in a direction 
from W. to £. ; and that it was important that Great Britain should be included in the 
scheme, a matter which was accomplished by Adm. FitzBoy early in 1860. [See 
'Notes,' 1861, HtzBoy.] Synchronous observations aro of especial importance. 
Begnlar observations are made by Quetelet, in Belgium. Ereke and Buys-Ballot 
collect observations from 11 stations in the Netherlands. In Sweden there are 21 
{Page 6) stations. In Norway three or four. Denmark is represented by Oersted. In 
North Germany there are 90 or 100 stations. Austria has about 140, and Bussia 30. Ob- 
servations are made at Athens. Sinobas has established about a dozen stations in Spain. 
There are many in France, as also in Switzerland. Lisbon has an observatory. North 
America has upwards of 500 stations. Canada has its observatories. Scotland has 
{Page 8) about 60, and Ireland several stations. In 1861 the spring, summer, and 
antumn were warm, dry, and genial over Europe and North America. At the head- 
waters of the Nile and in India there were deluging rains. In 1860 North America and 
Europe had both cold and wet summers, while the plains of India experienced a severe 
drought. 

BelHTigTiam, W. (£. a) 

{Page 111.) He believes that a belt of vapour passes alternately from pole to pole in 
about forty diays, and that this gives rise to periodicity of atmospheric phenomena at 
intervals^ varjring according to the locality. At London it is ten and thirty days. 

Tomlinson, C. (B. 86.) 

[The tiUe of the paper is not as given at p. 55. It should be : An experimental 
examination of the so-called storm-glass.] The storm-glass did not, I believe, hold 
{Page 93) rank as a scientific instrument until it was introduced by Admiral FitzRoy. 
In the BqK>rt for 1862, issued by the Meteorological Department of the Board of Trade, 
His stated that the chemical mixture in a so-called storm-glass varies in character with 
^ direction of the wind and electrical tension ; and that temperature affects the 
[Page 94) mixture much, bat not solely. In the article on Camphor Storm-glasses in 
(fage 95) lire's DletioDary of Arts, edited by Mr. Bobert Hunt, it is stated on the 
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authority of Dr. Parrion that the weather-predictmg qualities of the instrmiMiit are 
Mse ; light and temperature being the conditions which affect it. Some years ago I 
purchased a storm-glass at an instrument maker's shop, and received with it a paper 
which stated that it would correctly indicate the coming rain, high wind, storm or 
tempest ; that the indication for fine weather was that the substance would be low and 
smooth at the bottom ; and that experience had proved the instrument to be useful in 
(^Page 96) the prognostics of the changes that take place in the weather, if properly 
made. I have been in the habit of observing this instrument for some years past, snd 
had long ceased to regard it as of any value as a weather indicator. While experi- 
menting on camphor I was induced to conclude that heat only was concerned in the 
storm-glass phenomena. [A series of experiments are described in support of this 
view, which need not be detailed here, since they have no bearing on meteorological 
(^Page 106) phenomena.] The conclusion drawn from these experiments is that the 
storm-glass acts as a rude kind of thermometer, inferior to that in ordinary use for most 
of the purposes of observation. 

Willis, B. iB. 88.) 

^Page Iv.) The system of simultaneous meteorological observations was organised in 
1840. The meteorological department of the Board of Trade was created in 1854. The 
Eew Observatory was commenced in 1842. 

1864. 

Buohan, Alex. On the weather conditions uhich produce large erope of tum^ €md 
cereals, Joum, Scot. Meteordl, Soc^ I. pp. 149-154. No. IV. Oct (ro). 

[The paper refers to Scotland, but is of general application, except as r^;ards the 
periods. There are no particulars for general notes, but some will be found under 
several of the eleiAents.] 

Porbes, Sir J. 8. Address on Meteorology, Joum. Scot MeteoroL Soe., L pp. 104-116. 

Bead Jan. 1864 ; published in July, 1864 (ro). 

(Page 107.) The first 'Barometer Guide, and how to foretell the Weather,' was 
(Page 109) published by Admiral FiteRoy in 1857. Espy's * Fourth Report' was 
(Page 110) published in 1854. Human health and life are servile to all the 8k3^ 
(Page 113) influences. Since March 1862 there have been 45 warnings issued by 
Admiral FitzBoy almost uniformly followed by gales more or less serious. The stations 
directly communicated with now by telegraph amount to about 80, and from these 
more than twice as many receive messages. Instruments have been lent to many 
thousand selected merchant vessels since 1854, from whose logs trustworthy observations 
extending over many years have been obtained. It is remarkable that nothing has 
been done to obtain reliable data for calculating the average return from the soil under 
differeAt circumstances of the weather or at different dates. 

Qamer, B. (B, 8.) 

(Page 114.) An increasing deterioration of the atmosphere in towns and mining 
districts may be estimated by means of plants thus : 1. In the smallest degree d 
impurity trees are destitute of the leafy lichens ; and Ericaa, the Scotch fir and the 
larch die. 2. Next, the common laurel, the Deodara cedar, the Irish arbutus, the 
laurestinus and the yew die. 3. The Araucaria, the Thuja, the common cedar, the 
mezereon and the Portugal laurel die. 4. The common holly, the rhododendron, the 
oak and the elm die. 5. Annuals still live, and the almond, poplar and many roses 
thrive, fruit trees are barren, and peas unproductive. 6. Hieraciai Beseda lutea» the 
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me saxifirages and sedoms thrive, while many syngenesious and crociferous 
[11 luxuriate. 

mm, C. Proe. amd Trans, MeUordi. 8oc, Mawritiui, YL Beport read Dec 29, 

1862 (rv). 

64.) The total number of members in the Meteorological Society of Mauritius 

nearly double what it was three years ago. Within the last few years the 
»f meteorology has received more attention than it ever did before. There is 
ilised country in the world which is not through its government, its scientific 
id numerous observers, busily engaged in meteorological pursuits both on land 
sea. This was in a great measure brought about through the exertions of 
Maury. At his suggestion a conference of meteorologists was held at Brussels 
mber 1853, the object of which was to adopt a uniform and universal system 
ration at sea over the whole globe. The result was that the governments of 
ous countries represented on that occasion, such as Great Britain, France, 
, Denmark, Prusda, Holland, &c., adopted measures to carry the recom- 
ons of the conference into effect. Special offices were created for the 

of obtaining observations, collecting uid discussing them, and publishing 
5) the final results ; and already a large body of highly useful information has 
blished, especially in England, under the direction of Admiral FitzBoy. But 
logical research is not confined to the sea. All along the coasts of Europe and 
L, as well as at numerous inland stations meteorological observations are either 
ready taken or observatories being established. By means of the electric wire 
ral observatory, or meteorological office, of each country is in daily and hourly 
dcation with a network of smaller observatories extending to the remotest 
of the land and constantly keeping those at head-quarters informed of the 
of wind and weather that are taking place on all sides of them. The central 
xides again are in electric communication with each other ; so that at certain 
n each day it is known in London, Paris, &C., what winds and weather were 
iced a few hours previously over the greater part of Europe. If there should be 
suppose that a gale or storm is at hand despatches are sent to all the sea^ 
kmlng the shipping of the threatened danger. Meteorology is thus becoming a 
of the highest practical utility to navigation, agriculture and other national 
u These are powerful motives for establishing and maintaining so many 
jories and transmitting the results to a central station from which they are 
mt forth to the world. In this instance considerations of public and private 
come to the aid of science. But besides this incentive to meteorological observation 

extensive area, there is also the pleasure derived from tracing effects to their 
and extending our knowledge of the laws of nature. In this point of view 
logy is likely to become one of the most popular and interesting of the physical 
. Not many years ago it would have seemed absurd to suppose that it was 

tliat a person in London should have placed before him every morning a chart 
; the barometric pressure, the temperature of the air, the direction and force of 
;6) the wind, and the state of the weather at all the principal towns and sea-ports 
pe on the previous day ; and yet we now know that this is not only practicable, 
t, if it has not already been effected, it has at least been strongly recommended, and 

doubt, be carried into execution. Now what could be more interesting than by 
)f such charts to watch the atmospheric changes occurring from day to day over 
ds of miles ; to observe the respective tracts of high and low temperature, and high 
' atmospheric pressure ; where cloud and sunshine respectively prevailed ; where 
and where it did not fall ; where tempests and thunderstorms took place, and where, 
)ther hand, the sky was serene ; to note the. varying force and direction of the 
irrents with their attendant phenomena ; to trace the rise and progress of gales, 
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stonns, and hurricanes ; in short, to be the daily spectator over a wide area of the 
operations of nature in that wonderful laboratory the atmosphere. Nor is it to Europe 
and America that the system of meteorological inquiry set on foot some years ago is 
confined. India had long ago been distinguished for its labours in this branch of scieooe^ 
observatories having been established at many stations, and many oificers, civil and 
military, co-operating in a general plan of observation, and these observatories are still 
busily at work. Within the last few years also the subject has been taken up by the 
Australian Colonies, in which several observatories have been established at the public 
expense, with numerous branch observatories in connection with them ; the whole being 
placed tmder the general supenntendence of officers appointed and paid by the Government. 
Aud it appears that a few months ago a meteorological commission appointed at the 
Gape of Good Hope to report upon the meteorology of that colony, recommended that 
ten stations should be supplied with instruments for systematic observations bj 
competent persons, who, we learn, have already entered upon their duties. By increasing 
the number of observatories and extending the system to all parts of the habitable woiid, 
(Page 67) while at the same time observations are daily and hourly taken in aU 
navigated parts of the ocean, the day will come when the atmosphere can be contemplated 
as a whole, and the mutual relations of the phenomena occurring in it be more desily 
perceived and understood. All that is wanted in the first place is to have a sufficient 
number of reliable observations taken at the same moments of absolute time at numerous 
points over the whole accessible globe, and to have them continued for a lengthened 
period. It is towards the realisation of this object that the efforts which are now being 
made in so many and so widely distant countries are tending, and when it shall have 
been attained, meteorology will become one of the most useful of the modem sciences. 
(Page 68). It is universidly admitted that the future progress of meteorological sdenoe 
will depend upon the active co-operation of all countries, each contributing towards the 
general result. From its special position Mauritius is one of the most important of all 
(Page 69) the meteorological stations. The Meteorological Society of Mauritius 
(Page 74) was established on August 1, 1851. 

(Page 80.) Every phase of weather has its meaning, which only requires to be read 
aright to convey important information. 

Meldrum, C. Proc and Trans, Meteardlogieal 8oe. Blduritius, YI. Paper read June 3, 

1863 (rv). 

(Page 177.) Mauritius is so favoured by geographical position that with a knowledge 
of the atmospheric changes which take place in the neighbouring seas we can, so far as 
the experiment has yet been tried, tell with certainty ' when a storm exists, where it 
exists, and often in what direction it is travelling, although its distance from us may be 
nearly 2000 miles. As yet there has not been a single exception to this rule. 

Sooreeby-Jaokson, B.E. On the JjupoHance of the Study of MedioaH Climatology. 
Joum. Scot. Meteorol Soe., L pp. 25-40. Published Jan. 1861 (rv). 

(Page 25.) Meteorology is closely allied to the science of medicine; it holds a 
prominent position in social science ; and it enters into the calculations of the political 
(Page 27) economist. Uniformity of action must be observed, which may be most 
easily attained by following the instructions at the back of each schedule. The 
instruments used should be in good order and subject to frequent comparison with 
standards. [The details given as to the influence of climate on disease belong to Man.] 
(Page 28) Five day means are best adapted to medical climatology. Averages of a 
number of years, or of seasons, or of months, are not safe guides in medical meteorology. 
There is oocasi(mally a tendency on the part of observers who are wedded to certain 
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localities to hide little climatal defects by drawing ayeragos from long periods. Hence it 
happens that what are called exceptional years frequently occur at such places. 

Scoreaby-Jaokson, ILE. Beport of the Medieo-Climaiologiedl CommiOee. Jaum, Scot. 
MeUoroL Soe., L pp. 120-121 (published July, 1864) ; pp. 154-157 (published Oct.) (it). 

[Nothing in them for general notes.] 

1865. 
Becquerel, A. C. Joum. Scot Meteorol. Soc, L Published July, 1865 (rv), 

[The name is there misprinted Becqueral, and the paper is the translation of one in 
' Comptes Bendus,' Ix. p. 136.] 

(^Poffe 235.) The influence of forests upon climates depends (1) on the extent of the 
fijrests; (2) on the height of the trees and their species, according as they have 
decidiious or persiBtent leaves ; (3) on the power of evaporation possessed by their 
leaves ; (4) on their capacity of being heated or cooled like any other body placed in the 
air ; (5) on the nature of the soil and subsoil. The climate is improved by bringing the 
CPage 237) land under cultivation, by draining unhealthy marshes, and by planting 
trees on mountains and on all soils not suited for pasture and tillage. 

Dumas. (P. 15.) 

(Paffe 950.) Lavoisier fully appreciated the method of foretelling weather by means 
€i simultaneous observations. He thought the weather could always be foretold twenty- 
ibur hours in advance. He had no idea of the telegraph. The proposal to use telegraph 
was first started in 1852. 

Iieverrier, U. J. J. (B. 28.) 

{PiMffe 1318.) The intention of collecting observations by telegraph was to use them 
for forecasts. The first collection of dmultaneous records in France was on February 19, 
1855. I dispute the statement as to the direction from which Italian storms usually 
come. 

MatteuecL (B. 80.) 

{Page 892.) The idea of having a central office for collecting simultaneous observa- 
tions by telegraph for purposes of prediction was started in 1858. I started a similar 
plan for Italy in 1864. The great storms which attack the British Isles from the west 
nrdy fiul to reach Italy, so tbat nearly all predictions of these come right Those 
threatening from Spain rarely extend to Italy. 

{Page 1314.) First forecast issued was on July 31, 1861. Two years after, Leverrier 
fidbwed FitzBp/s example in France. Strongly in &vour of forecasting storms only. 

Foey, A. (P. 86.) 

{Page 1279.) Early in the 17th century simultaneous meteorological observations were 
oig^nised by ibe Aocademia del Cimento. The Meteorological Society of Mannheim 
:- int oiguused an extensive meteorological correspondence, and several plans of the same 
[ \aai have sinoe been carried out in France, United States, &c. In 1840 the Boyal 
I Society proposed the establishment of as many meteorological observatories as possible in 
^ all parts of the workL 

So o ra eby- Jaeka on , B.1L Export of the Medieo-CUnuUologiedl CommiOee. Joum, Scot. 
UdeoroL Boe.^ L ppi 182-183 (pubUshed in Jan.) ; pp. 210-212 (published in AprU); 
FP 211-243 ; p. 244 (published in July) ; pp. 276-277 (published in Oct) (rv). 
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1866. 

Beoquerel, A. C. (B. 2.) 

[The translation of this paper given in the Joum« Scot. Meteorol. Soc. was published 
in July, 1865 ; and the notes are entered under 1865. The volume is dated 1866, but 
contains the quarterly numbers issued from Jan. 1864 to Oct 1866.] 

Buehan, A. (B, 5.) 

[This paper was published in July 1865. It refers mainly to Scotland, and contains 
nothing for general notes.] 

Buehan, A. (P. 6.) 

[This paper was published in Jan. 1866. It refers to various European countries, and 
contains nothing for general notes.] 

Buohan, A« Hints to Observers regarding Instruments. Joum, Scot Meteorol, Soc., I. 

pp. 300-303. Published in Jan. (rr). 

[Nothing for general notes.] 

Buohan, A. Meteorchgieal Characieridies of the Winter of 1865-6. Joum, ScoU MetemL 

8oc„ I. pp. 358-366. Published in July, 1866 (rp). 

[There is nothing for general notes. It refers mainly to European countries.] 

Forbes, Sir J. 8. (£. 13.) 
[This paper was published in Jan. 1864, under which year the notes are entered.] 

Ijeverriery U. J. J. On Storm Signals and Weather Warnings. Joum. SooL MeteorcL 
iSbo., I. pp. 366-368. From BuUetin International, Aj^Til 26. Published in July (it). 

{Page 366.) On Jan. 16, 1860, a letter was sent to the Minister of Marine in 
which it was stated that to signal a storm as soon as it should appear at any point of 
Europe, to follow it in its march by means of the telegraph, and to send warning of its 
approach in good time to the coasts which it will visit, should be the ultimajte end ta 
be reached by the system which we carry out. The means for carrying out this scheme 
were not granted. Some time after, FitzRoy began a system of warnings on a different 
principle. He undertook to foretell the probable weather for the following day to the 
coasts of the United Kingdom. About the middle of 1863 M. Duruy promised the 
{Page 367) required assistance. While organising a service operations were limited to 
the system of forecasts begun by FitzBoy. The system of absolute forecasts is beset 
with difficulties which prevent its being adhered to entirely. We cannot tell the 
direction the storm will take; hence we cannot send definite forecasts to particular 
localities. Hence we have adopted a system intermediate between the warning of an 
approaching storm and prevision thereof. We receive daily observations made at 8 a jc, 
in winter and 7 a.m. in summer from 21 French and 42 foreign stations. We receive in 
the evening observations made at 6 p.m. ; twelve being from French stations. This 
second series is necessary as a check on the first. It indicates any change that may 
have taken place since the morning in those parts over which it is particularly desirable 
to keep an outlook. When no atmospheric disturbance has occurred the observations 
of the evening, in their relation to those of the morning, enable us in general to forecast 
{Page 369) the weather of the following day. A greater number of evening despatches 
are wanted* Telegrams are sent to 73 French ports. 

S6 
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•^^t^ltAn^ A« Jowra, 8eoL MeUorol, 8oe^ L Pnbliahed in Jan. (it). 

(Page 304.) The * Ark o' the Cluds' is not always regarded as a forerunner of bad 
weather. When it runs north and south the aftercome is not so much dreaded as when 
it is stretched between any of the other points (Galloway). The weather-gaw sometimea 
indicates good weather. When it is seen in the east its consequences are less dreaded. 

The weather's taking up now. 
For yonder is the weather gaw ; 
How bonny in the east now I 
Now the colours fade awa*. 



(Page 305.) 



(Page 306.) 



Gnunphie sees the weather, 
And gmmphie sees the wim', etc. 

(Galloway). 
Gif the lavrock sings afore Cannelmas, 
Shell mourn as lang after it. 

(Galloway). 

Ne'er trust a July sky. 

(Shetland). 



Mottez. (P. 29.) 

(Page 620.) Latent electricity enters into the constitution of water, but in different 
quantiUes in the three conditions. Probably all meteorological phenomena are explicable 
by this prlDciple. 

Sooresby-Jacksoiiy B. E. Beporl of the MediethOlimatologieal Committee^ Joum, SeoU 
MeUoroL Socy L pp. 806-807 (published in Jan.) ; pp. 335-336 (published in April) ; 
pp. 370-371 (published in July) ; pp. 388-389 (published in Oot.) (rv). 

[Nothing for general notes.] 

Jonrn. Scot. MeteoroL Soc. Number of Meteorological Stations edablUhed in different 

Countries in Europe, I. p. 368. Published in July (rv). 
(Page 368.) 



Bnisia 25 

Norway and Sweden .. .. .. 11 

Denmark .. .. .. .. .. 11 

Holland 9 

Belgium .. • 9 

Scotland 81 

England .. 54 

Ireland 12 

France .. •• .. 65 



Prussia, etc 36 

Austria 109 

Italy 32 

Switzerland 86 

Spain and Portugal 10 

Turkey 3 

Greece .. 1 

MalU 1 



1867. 

Buohan, A. (B. 6.) 

(Page 1.) Meteorology was originally applied to the consideration of all appearances 

m the sky, astronomical as well as atmospherical, but the term is now restricted to that 

department of knowledge which treats of the phenomena of the atmosphere that relates 

to weather and climate, their relations to each other, and the laws to which they are 

lahservient. Owing to the complexity of the phenomena and the manifold influences by 

I which they are modified and determined, it would be beyond the power of the human 

I intellect to give a perfectly satisfactory explanation of them. From the nature of the 

] subjects which make up tiie science of meteorology, we may infer that they occupied 

C {Page 2) men's minds firom a remote antiquity. The splendid panorama of the sky 

and the Tariations of temperature through the days and seasons, together with the other 

atmosplieric changes ocmstituting the weather which afifect in so powerful a manner the 

necesntieB and ccmiforta of man, are of a nature well-fitted to arrest his attention. 



QBNERAL 1867. Bnohan. NOTB& 

Hence the appearances which were found by experience to precede changes of weather 
were eagerly recorded and handed down in the sententious form of weather - prov e r b a, 
In this way many valuable facts were ascertained and passed current firom hand to hand, 
so that there is perhaps no science of which more of the leading facts and inferences 
have been so long incorporated into popular language. Aristotle was the first who 
collected, in his work * On Meteors,* the popular prognostics of the weather. A number 
of these were derived from the Egyptians who had long studied the science as a branch 
of astronomy, while a large nimiber were the fruit of his own observation. Theophrastos, 
one of Aristotle's pupils, next took up the subject, classifying the commonly received 
opinions of the weather under four heads, viz., the prognostics of rain, wind, stonns, 
and fine weather. He made no attempt to explain phenomena. Cicero, Virgil, and a 
few other writers also wrote on the weather, but made no substantial additions to oor 
knowledge. The treatise of Theophrastus contains nearly all that was known down to 
comparatively recent times. Partial explanations were attempted by Aristotle and 
Lucretius, but their explanations were necessarily vague owing to ignorance. No 
progress was made until proper instruments were invented for making real observations 
with regard to the pressure, temperature, humidity, and electricify of the atmosphere. 
(^Page 3) Torricelli*s discovery of the barometer in 1643 was undoubtedly the first st^ 
in the progress of meteorology to the rank of a science. The value of the barometer as 
an indicator of the weather gave an additional impetus to the study of the science. 
Sanctorio's invention of the air thermometer in 1690 laid the foundation of a salntaiy 
revolution in the science, since it pointed to an exact determination of the temperature 
of the air, which is by far the most important element of weather in relation to our 
welfare. Fahrenheit was the great improver of the thermometer. The hygrometer is 
an instrument of great value in meteorology as indicating the quantity of vapour in the 
{Page 4) air, and inferentially the changes of weather dependent thereon. From the 
period of the invention of these instruments the number of meteorological observers was 
greatly increased, and a large body of well authenticated facts of the utmost value began 
to be collected. The climates of particular parts of the earth were inquired into and 
compared together, and the science made great and rapid advances by the investigations 
undertaken by distinguished philosophers into the laws which r^ulate atmospheric 
phenomena. The publication of DaJton's ' Meteorological Essays,' in 1793, marks an 
epoch in meteorology. It was the first instance of the principles of philosophy being 
brought to bear on the explanation of the complex and varied phenomena of the atmosphere. 
{Page 5) Well's * Theory of Dew * (1814), must always be regarded as one of the greatest 
contributions to meteorology. In 1823, Daniell published his ' Meteorological Essays and 
{Page 6) Observations.* It is to be expected that the discovery of the relations of 
atmospheric vapour to heat, will soon be turned to account in explaining many 
questions of meteorological enquiry. Humboldt's treatise on * Isothermal Lines,' 
published in 1817, marks an important epoch in experimental meteorology. The 
temperature of one country differing materially from that of neighbouring countries, 
has an important influence in causing unsettled and stormy weather in both countries 
at that time. The establishment of meteorological societies during the last twenty 
{Page 7) years, has contributed in a high degree to the solid advancement of the 
science which, more than any other, depends on extensive and well-conducted observa- 
tions. In this respect, the United States stands pre-eminent, the observers there 
numbering about 800. Grreat Britain has about 150. In Austria, Switzerland, 
France, Prussia, Italy, Bussia, the Netherlands, and other European countries, meteoro- 
logy is being widely cultivated. Austria has 108 stations, and Switzerland, 83. A 
special object of meteorological enquiry, is to ascertain the degrees of heat, cold, and 
moisture peculiar to different localities, and the usual periods of their occurrence, with 
a view to discover their effects on the health of the people, and on different agricultural 
{Page 8) products. One fruit of the multiplication of meteorological stations, is the 
S8 
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prediction of Btoniu, and the foretelling of the weather. It is impossible to over- 
estimate the value of storm warnings to the shipping interest. In the north temperate 
xoDe, oheerration shows that storms almost invariably come from some westerly point, 
and thence follow an easterly course. Hence, in the United States, it is easy to warn 
seaports of the approach of storms. America is thus favourably circumstanced for 
carrying out effectually the system of storm warnings. On the contrary Great Britain, 
France, and the rest of W. Europe, are unfavourably situated to allow of timely warn- 
ing being given of coming storms, because, if no warning be sent till the storm has 
made its appearance, it is too late for the western seaports. But in Europe, stormy 
weather is almost always accompanied with a diminution of atmospheric pressure, the 
centre of which, after traversing more or less of the Atlantic ocean, arrives on the coast 
of Europe. The existence of this depression is made known by the barometer when 
the mazimxim is still at a considerable distance out at sea ; and collateral informa- 
tion pointing to an advancing storm is to be obtained from the direction of the 
iPage 9) wind, and the cirrus clouds. Here, then, we have materials for foretelling 
the approach of storms on the west coast of Europe. For though we cannot arrive 
at the degree of certainty of the American predictions, and telegraph to the coasts 
that a storm is actually seen advancing on them, yet from the premonitions 
afforded by the barometer, the wind, and the cirrus cloud, we can warn them to prepare 
for a stonn which is likely to visit them. The giving effect to this idea constitutes 
the splendid contribution to practical meteorology made by Admiral FitzRoy in 
February, 1861, by the system of storm warnings which has since been adopted 
by almost every country in Europe. Owing to the present state of our knowledge, 
a degree of nnoertainty is inseparable from the storm warnings based on these premoni- 
tions, which does not attach to predictions, based on storms actually observed. The 
< Bulletin International,' of Le Verrier, published daily, must be regarded as the latest 
(Paffe 10) important step taken in the progress of meteorology. In the schools of the 
United States of America, meteorological observations and the keeping of meteoro- 
logical registers form a part of the common education of the people. Also in the higher 
schools of France, and some other European countries, systematic instruction is com- 
mmiicaied on this subject ; but in this country, meteorology is generally neglected in 
our educational system. There are a few exceptions. Meteorology has been taught 
for upwards of thirty years In the Dollar Institution, and the example has been 
fiollowed at Stonyhurst, the Grammar School of Aberdeen, and at other places 
iPa^e 75). It Is this [viz., the degree of divergence of extremes], which makes the 
most important distinction among climates, both as regards animal and vegetable life. 
On many especially, the effect is very great. The severity of the strain of extreme 
dimateSy is shown in a striking manner by the rapidly increasing death rate, according 
as the difference between the July and January temperatures is increased. Thus the 
mortality is 8 per cent, greater in England tlum in Scotland, the climate of the latter 
comitiy being more equable or insular in its character ; and it is found that on ad- 
vaneiDg into the continent of Europe, that the more extreme the climate becomes, so 
moch the more is the death rate increased. [Climate here means temperature.] Since 
(Pfi^ 105) doods are subject to distinct modifications from the same causes which 
produce the other atmospheric phenomena, the face of the sky may be regarded 
as indicating the operation of those causes. The ancient meteorologist was content 
with discerning the face of the sky in order to predict the coming weather. It is 
to this chiefly that the weather-wise sailor and farmer still look, and their predictions 
are frequently more correct than those made solely by instruments. The best 
iPaffe 106) system of weather prediction comprises both methods. Small groups of 
regukriy-formed and arranged cirrus scatter^ over the sky often accompany fair 
weather and Hg^t breeses. When a storm of wind has passed and the sky has cleared, 
abould a few fine dirus clouds be seen slightly blown beck at their eastern ex- 



GENERAL 1867. Bnchan. NOTEa 

tremities, the storm has in all likelihood really past, and &ir weather may with 
some confidence be expected, since the dry polar current has already b^on to 
prevail overhead. When cumuli are of moderate size and height^ well defined 
\P<ige 107) curved outline, and appear only during the day, they indicate a oontinuanoe 
of fine weather. The gradual lifting of the stratus from ^e ground, its conver- 
sion into cumuli, and the disappearance of these indicate a continuance of the fiiiMt 
(^Page 140) and serenest weaUier. As synchronous charts present the principal 
elements of the weather at a given instant, they may be regarded as sucoessiTt 
{Page 165) photographs of storms in their passage across the earth's surfetce. Aa 
examination of weather changes over large portions of the surface of the gbbe 
from day to day leaves a deep and lasting conviction on the mind of the essentisl 
unity of the earth's atmosphere, and ^ fortiori the oneness of comparatively so 
small a portion as that of Europe in respect of the intimate relations oi its difforent 
parts, and their absolute dependence on each other. We have seen waves of tem- 
perature creeping over that continent apparently so vast that only a mere firagment 
of one of them could be exhibited by the whole continent at one time; and the 
same remark applies with equal force to the waves of barometric pressure whicb 
pass across it. We are very ignorant of the causes of these vast atmospheric chaiige& 
Meteorology is eminently the science of observation and averages, and before those 
inquiries now raised regarding the general movements of the atmosphere can be 
satisfactorily and adequately discussed, it is indispensable that the field of observation 
be extended, so as to embrace the whole of the northern hemisphere. The present state 
of our knowledge of the science may be thus put. Given in any locality an excess or 
diminution of atmospheric temperature, and an excess or diYninution of atmospheric 
moisture, we know the atmospheric changes which will take place in restoring the 
equilibrium thus disturbed, and can to a considerable extent turn this knowledge to 
account in predicting the weather. But as regards the specific conditions out of which 
those great atmospheric disturbances take their origin we know little or nothing ; and 
it is to acquire this all-important knowledge that we urge the extendon of the field of 
observation so that synchronous charts of the northern hemisphere might be constructed 
(Page 180) which would supply the information desiderated. More magnetic observa- 
tories are wanted, so that synchronous magnetic charts might be made for comparison 
with similar meteorological charts. If this was accomplished, and the relation between 
these atmospheric elements discovered, the magnetic and electric states of the atmos- 
phere and the aurora might take their place among the most valuable prognostics of 
the weather. Weather is the condition of the air at any time as regards heat, moisture, 
wind, rain, cloud, and electricity, and a change of weather implies a change in one or 
more of these atmospheric elements. The craving of the public for a knowledge of 
these changes is indicated by the prognostics of every country, which, amid much that 
is shrewd and of practical value, embody more that is vague and not a little that is 
absurd; and by the readiness with which newspapers seize upon prognostications of 
fine or of stormy weather weeks or months beforehand. No prediction of the weather, 
at least in the British Isles, can be made for more than three or perhaps only two days 
(Page 190) beforehand, and any attempt at a longer prediction is illusory. Still| 
guesses may be formed which are not without value. AH prediction based on solar 
or other astronomical causes, if not misleading, is useless. The only safe guide we 
can have in attempting to forecast the weather for some time are averages based 
on terrestrial observations. Of this class may be mentioned the interruptions 
which occur in the regular march of temperature in the course of the year. 

Bikateheff. (B. 55.) 

(Page 5.) In 1865 FitzEo/s system of meteorological observations and telegraphing 
was established in Russia. 
90 
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1868, 

Bnclian, A. (B. 4.) 

(^Page 1.) Meteorology is the scienoe of the weather. Meteorology took its modem 
(^Poffe 3) rise firom the mvention of the barometer by Torricelli in 1643, the ther- 
mometer by Sanctorio in 1690, Fahrenheit's improvements in 1714 and De Sanssure's 
(Page 9) researches on hygrometers. Austria has 110 stations. Monthly isobarometrio 
(Page 43) lines may justly be regarded as furnishing the key to all questions of mete- 
(Page 129.) orologi(»l inquiry. The year 1867 was so remarkable for illustrations of 
Tiolent alternations of heat and cold, drought and rain, brilliant sunshine and the dullest 
weather, as well as for the many great storms which swept all parts of the globe, that it 
(P€tge 138.) may well be regarded as the annus mirabHis of meteorology. Though all 
meteofolo^ts now agree in thinking that daily tel^;rams should not be attempted, yet 
a great deal of positiye information regarding the suitableness of the coming weather 
for trayeUing, £uming operations, the growth and ripening of crops, and for other objects 
and purposes of human life, may be most certainly concluded from daily weather 
telegrams receiTed from a wide field of observations. It will be evident from the rola- 
tioDS of the pressure and temperature of the atmosphere and of the winds, that daily 
observations, particularly barometric, from a number of well-selected points in Europe,. 
woFuld supply sufficient data from which really trustworthy conclusions could be drawn 
regarding the weather from day to day over any part of Europe in which for the time we 
mig^t take an interest. If Renter and private individuals would add particulars of the 
weather to their telegrams we might form a tolerably accurate estimate of the probable 
(Page 331) productiveness of the harvest in grain-producing countries. Investiga- 
tions appear at present to point to a connection between the position of the planets 
on one hand and the sun's spots, terrestrial magnetism, and the aurora on the other. 
Nothing, however, could be inferred from such a connection, even were it conclu- 
sively established, that could be turned to account in predicting the weather 
(Page 332) likely to occur in a particular country within a specified time. It is 
an opinion which has been long and popularly entertained that the changes of the 
moon have so great an inflneuce on the weather, that they may be employed with 
ccosiderable confidence in prediction. That the moon's changes exercise an in- 
fluence 80 strongly marked as to make itself almost immediately felt in bringing 
about iair, or rainy, or settled, or stormy weather, an examination of meteorological 
(Page 335) records sufficiently disproves. The next class of prognostics are of 
a more certain character, being taken from those indications or appearances which 
expoience has shown to be the precursors of a change of weather, or rather they are the 
first indications or beginnings of these changes. Perhaps the very earliest indication 
of a change from dry to wet weather might be obtained from observations of the polari- 
{Page 339) sation of the atmosphere. It is by a careful observing and recording of the 
lesser changes of the weather from day to day, that the approach of the greater changea 
induded under storms of wind, rain or snow, may to some extent be known beforehand. 
It 18 not by a single observation made at one time that an isolated observer can best 
draw conclusions r^arding the weather likely to happen, but from the character of the 
changes which have been silently going forward for some time. Hence it is desirable ta 
set down in a pictorial form the different observations as they are made, so that the eye 
may take in at once the whole of the changes which are going forward. The Hev. B. 
Tyas's handy little annual, ' How to use the Barometer,' is calculated to be popularly 
useful for recording pictorially and in tables the successive changes of the weather from 
(Page 341) day to day* Mr. Meldrum sent a note to the daily papers when it wa8> 
concluded from the Mauritius observations that a storm was abroad, stating its position 
and probable ooorM from day to day. No case of feiilure has occurred since these notices 
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began to be sent to the press. This shows what may be done at an isolated station in 
the ocean; in other words what may be done by ships at sea. The reduction of the 
ocean statistics of meteorology has now become a question of pressing importance. In 
discussing meteorological ocean statistics referring chiefly to tropical and subtropical 
regions, the most important points to be determined are the following : 1. The daily 
range of the barometer for the different months as applicable to the different parts of the 
ocean, or, better still, the law of its variation according to season, latitude, and proximity 
to large masses of land. 2. The mean monthly barometric pressure of the different seas 
chiefly traversed by ships given for every '05 in., or, if possible, every -025 in. of mean 
pressure. 8. The deviation from the mean pressure of the month which may be 
regarded as an amount of disturbance sufficient to be considered as indicative of a stonn 
(^Page 342) at no great distance. 4. The mean direction and force of the wind for the 
different months. This is no doubt a vast problem, which it will take many years to 
work out. In r^ons such as G-reat Britain an isolated observer cannot with a like 
certainty draw conclusions from his own observations regarding the approach of storms 
and other weather changes. But he may almost, if not altogether, attain to the same 
degree of certainty if he be assisted by a sufficient staff of observers well distributed over 
W. Europe ; and be able, when he considers it necessary, to communicate with them 
through the telegraph. In his letter of June 15th, 1865, to the Board of Trade, Gen. 
Sabine states that he had examined the warnings given on our coasts during the two 
years ending March 31st, 1865, and found that in the first year 50 per cent., and in the 
second year 73 per cent., were right. The improvement he ascribes to increased 
(Page 343) experience. A number of the places warned were not favourable ntuations 
for receiving timely warnings, being too near the west coast ; but if the warnings sent 
to places more favourably situated were examined fewer failures would appear. Thus, 
of 100 warnings sent to the north coast of France in the winter of 1864-5, 71 wero 
realised ; and in the winter of 1865-^, 76. Of 100 storms which occurred 89 were 
signalled during the first winter, and 94 during the second winter. The first and chief 
source of failure was the want of a day and night watch maintained on the west coast of 
Ireland ; whereas this is the first requisite of any system of storm warnings for the 
British Isles, as pointed out by B. BusselL With observations at 7 a.m. and 2 p.m. 
only, some storms would have passed some stations before warnings could be issued. 
(Page 344) The occasional late arrival or non-arrival of telegrams was also a source of 
failure. There were too few stations on the CSontinent to the east and south-east of 
Great Britain. If^ then, allowance be made for the failures which arise from these 
causes, we have the explanation of every one of the ten storms which were not 
signalled out of the 93 which occurred on the N. coast of France in the winter of 
1864-5, and of the 6 not signalled out of the 99 which occurred during the following 
winter. Hence it follows that, practically, the approach of any storm which 
visits Great Britain may be signalled some time before it reaches the different 
ports. There is thus no difficulty in carrying on a system of storm wamingB 
(Page 345) in this direction. The practical difficulty lies in securing that no warn- 
ing be sent except to those places at which the wind will rise to the force of a gale. 
If this happened uniformly over the whole region included at any time within the low 
barometric pressure, marking out the atmospheric disturbance of which the wind storm 
is one of the accompaniments, or if a certain wind force invariably attended on a certain 
pressure in each storm, then the problem of storm warnings might be regarded as 
completely solved. But the force of the wind at a particular place depends upon the 
relative differences of pressure as observed simultaneously at two other places between 
which it lies. To determine these relations for any place for the next 30 hours, so that 
from the result warnings might be framed for that place, is a problem which admits 
only of an approximate solution ; any exact solution, and exact rules framed from such 
solution, to guide us in issuing storm warnings being impossible. It suffices if the number 
92 
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of sQcoessM wamiDgs be sufficient to warrant the practice of issuing them. What is 
wanted are : (1) a day and night watch at Yalentia ; (2) the telegraphing to London 
immediate notice of storms in N.-W. France and Spain, W. Ireland, W. and N. 
Scotland ; (3) power to nse the telegraph wires at discretion. The only difficulty in 
carrying it oat is the expense. 

Strachan, B. (B. 37.) 

(Page 3.) Weather forecasting depends upon definite principles. FitzBoy gave ample 
(Piiffe 4) explanation of the principles involved in forecasting the weather, in official 
reports on the Meteorological Office, but especially in his * Weather Book.' Fine weather 
(Page 14) occurs with uniformly high pressure. If the law of barometric variations 
(Page 15) were known, or if any law as regards barometric maxima and minima could 
be established, then the forecasting of weather could be reduced to a very accurate 
(Page 16) system — ^it would be a simple mechanical problem. Sir John Herschel long 
9ffi saw this. No such law is yet recognized. FitzRoy has practically proved that 
great storms can be predicted from one to three days beforehand in the present state of 
meteorology. In the British Isles the transition from a maximum to a minimum of 
atmospherical pressure does not take place generally in less than 24 hours, while it fre- 
quently extends over many days. The diurnal range is trifling and not taken into account. 
Hence the probabilities of being able to rely on the transitions for one day and of fore* 
casting weather therefrom must be great ; but for two days they must be less, for three 
days mnch less, while for more than three days they can have very little dependence. 
(Page 17.) Forecasts depend upon : 1. Law of wind direction in relation to pressure. 
2. Extent of barometric differences. 3. Bate and direction of barometrical changes. If 
we suppose the probabilities in &vour of each of these conditions as 9 to 1 ; the value of 

the probability of a daily forecast being correct will be -- ^ ^ \, ^ ^ .---Zzr, or 7 to 3 
^ ^ ^ 6 10x10x10 1000 

nearly. If two days be taken the probabilities for No. 3 must be reduced. Let it be 

supposed 7 to 3 then the value of a forecast for two days would be 6 to 4 nearly, or 

567 

-— ^ If three days be attempted the probabilities for No. 3 will be, say 5 to 5. Then 

405 
the value of a forecast for three days will be r^rp^t ^at is, oftener wrong than right 

No importance is attached to this hypothetical calculation. [It applies to British 
(Page 18) weather, but may be taken to be of general application.] llie forecasting of 
nin, snow, hail or fog, of cloudy overcast or clear sky, of hot or cold weather and such 
like weather features, must be rather a matter of shrewd guessing. The direction and 
strength of the wind, the most important characteristics of weather, may be considered 
{Page 20) to be within the scope of rule. The key to fItzBoy's method of forecasting 
weather was identical with the law of wind in relation to pressure, as stated by Ballot. 
(Page 24) Meteorological knowledge is not yet sufficiently systematized. There is 
abondanoe of material, but books continue to be cnunmed with assumed rules. Hence 
it is more than ever needful to sift facts by resting all laws, principles and rules on demon- 
stration. J. D. Forbes (Brit. Assoc. Bep. vol i.) said what is true yet, that there is pre- 
valent a too generally erroneous notion that meteorology as a science has no other object 
but an experimental acquaintance with the condition of those variable elements which 
from day to day constitute the general and vague result of the state of the weather at 
any ^ren spot ; not considering that while such heterogeneous elements can be of little 
avail, when viewed as groups of facts towards forwarding any one end of the science or 
giving ns any precise knowledge regarding it, yet that the careful study of the individual 
points when gzoaped together with others of the same character may afford the most 
valuable aid to scientific generalization. 
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Zenker, C. W. (P. 48.) 

(^Page 433.) Argues that the moon inflaences temperature' and pressure aooording to 
the moon's position relatively to the earth and sun ; the temperature is highest and 
pressure lowest when the obliquity of the moon's orbit is greatest and vice versft. The 
period is half a lunar year [=9i solar years]. 

1870. 

A. (P. 1.) 

{Page 600.) The spots [of the sun] are only one of the known evidences of changeful 
activity going on in the great central luminary. The form, disposition and dimensions 
of the prominences, and the distribution of chromosphere are visibly undergoing con- 
4stant alteration. May these phenomena not also have their periods of recurrence ? and 
may not they, equally with the spot outbreaks, stand in some relation to what formerly 
used to be considered purely terrestrial phenomena, namely, magnetism, electricity, 
bumidity, temperature and rainfall? To carry the hypotheds one step further: If 
there is a physical relation between the solar changes and meteorological occunenoeB, 
and if the solar changes are subject to laws which cause them to recur in regular series, 
have we not in this arrangement a clue by means of which climatic variations may be 
studied with greatly increased effect ? 

Ansted, D.T. (P. 2.) 

{Page 103.) Hills can never be safely n^lected in reference to climatal questious. 
{Page 111) The difference [between low plains and plateaux] greatly affects climates. 
{Page 112) But it is only in large tracts of lands that plains and plateaux attain 
{Page 144) dimensions sufficiently extensive to influence climate. Changes of weather 
are very rapidly and distinctly indicated by the colours of the sea water. These may be 
due to the movements of minute animal organisms, or they may be produced by changes 
{Page 150) in the state of the atmosphere. The ocean stream currents are of great 
{Page 151) importance to climates. The great currents are those which chiefly affect 
{Page 287) climates [Climate then means temperature]. Climate is a very complex 
matter, and one dependent on a great variety of conditions. It includes the temperature 
of the air at various times and seasons, the range and variation of temperature, the foroe 
and direction of the winds that prevail, the liability to storms, the amount of humidity 
in the air at various seasons, the quantity of cloud, mist and rain, the distribution of 
rain and the varieties of electrical condition. These to some extent affect and depend on 
each other, but all may ultimately be traced to certain general causes cormected with 
physical geography. Among such causes are : 1. The position of the station in latitude. 
2. The size and figure of the land on which the station is situated, whether detached 
island, archipelago or 'continent. 3. The elevation of the station above sea. 4. The 
position of the land on which the station is placed with reference to the neighbouring 
land. 5. The position, distance, direction, magnitude and elevation of the nearest con- 
tinent 6. The nature, magnitude and direction of the nearest great marine current to 
{Page 291) the shores. The climate of the south hemisphere is marine and insular ; 
that of the northern hemisphere continental. The former is extreme, the latter average. 
^Page 292) There are no means of generalizing in meteorology without abundant fiwts, 
{Page 294) and the facts are of no value unless the instruments be accurate. The 
(^Page 298) pressure of the atmosphere is another element of climate. The vicinity of the 
ocean and the constant freshening of the air by intermixture with other air that 
has passed over a large extent of sea seems favourable to life, while the influence of a 
large tract of land seems unfavourable. Islands are therefore, casteris paribtu, more 
hetdthy than places far removed from the sea, although there is no doubt that some 
islands, espechdly in the tropics, where the decay of organic matter is extremely rapid, 

^4 
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are among the least healthy localitiefl. Electric storms are generally regarded as leaving 
the atmosphere in a more healthy state than before the storm. So many matters com* 
Inning to produce a certain kind of dimate, it is clear that even in the same very 
small tract of land there may be differences in this respect It would be difiScult at 
present to say why these differences exist, but the fact is notorious. * Climate is 
(Pciffe 299) so afifocted by winds that the direction of a mountain chain scarcely 
visible on the horizon, the position of a large tract of distant lowland, the presence at 
spedal seasons of icebergs floating in a sea a thousand miles away, or the fact of a 
current of water crossing, by a marine current, some great ocean that washes the 
shcHres — ^these are the simple elements from which the general climate of a country may 
be deduced ; while the level of the land, the course of a river, the range of a few low 
{Page 300) hills, will any of them be sufficient to produce a local modification sufficient 
to alter the details of climate and greatly affect health and vegetation. And if 
in the coarse of ages a change should take place in any of these elements by the 
alterations that are constantly being produced by great natural forces always at work 
on the earth, it is clear that the climate must undergo a corresponding modification. 
Thus the diverdon of the Gulf Stream np the Mississippi valley would render Europe 
(Page 201) colder and drier. Changes of climate and changes of the earth's surface are 
simultaneous, and both have certainly been produced ever since the earth was subjected 
to those influences of air and water that seem to us to be essential to its very existence. 
(Page 302.) Climate may and does change by the influence of man and cultivation. 
Weather is the condition of the climate of any particular country or district It varies 
from day to day in most parts of the temperate zones, but in the tropics and in some 
special, bat limited, areas, it is constant, and may be entirely depended upon during 
(Page 303) the whole dry season. A fine day in a fine season involves a goodly 
varied of conditions. On such a day we have a bright sun, but the sun's heat is not 
sccrefaing, nor its light glaring ; the sky is clear, and the clouds, if any, are light and 
hi^ not streaky or in heavy cumbrous masses during the day, and towards evening 
th^ clear away leaving only a few that are rosy and pink at sunset. The colour of 
the sky is blue, but»not too intense, and not extending quite to the horizon. Distant 
objects are visible, but not quite so sharply defined as to appear unusually near. The 
atmosphere is really heavy, as shown by a high state of the barometer ; but to the 
feelings it is light and elastic. The air feels dry, but not harsh. The temperature is 
Beaaonable. There is a motion in the air, but not enough to be called wind. It pro- 
ceeds from a quarter generally &vourable for fine weather in the place of observation. 
The electridty of the air is in a state of equilibrium. There is a fair supply of ozone, 
and there is no disturbance of the magnetic force. An average number of such days, 
oocmring at intervals separated by cloudy and rainy weather of no long duration and 
not accompanied by violent and continued wind, electric or magnetic storm, or sudden 
uid frequent changes in the temperature and pressure of the air, characterize a fine 
season ; and several fine seasons following each other produce a cycle or period of fine 
weather. A certain amount of electric storm and hail in summer, intervals of heavy 
lain, wind and storm near the vernal and autumnal equinoxes, and an average of snow, 
frost and magnetic storms in winter are by no means incompatible with fine seasons. 
Bad weather and bad seasons are the opposite of fine. They also recur occasionally in 
[Page 304) cycles and alternate with "fine weather and fine seasons. The general 
uteage of the weather represents the climate of the district, and in this sense it may 
^ add that hardly any two places a few miles apart have precisely the same climate. 
In a general sense, however, the climate of England is spoken of as one thing, that 
of France as another, and so on. It is quite conceivable, and even probable, that the 
<^te of a place may, in the course of a comparatively short time, undergo a change, 
^ItttoQS^ i^ ^if^ii^eB a laige number of observations to prove it. But though climate may 
dttoge we may almost assert it as an axiom, in most parts of the world in temperate 
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latitudes, that the weather must change. There are places where these changes are 
excessively small, but we may safely assert, in a general sense, that weather is change- 
able and climate uniform. Climates are different in different places, whereas the 
weather, though changeable in any one place, may be the same at the same time in 
many places. The weather is often extremely different on the two sides of a mountain 
chain, across a narrow channel occupied by water, even in two localities on land a £b#. 
miles distant from each other. It follows that while there are causes which inflnwiw» 
weather of exceedingly wide operation, there are others altogether locaL The prog* 
(Page 305) nostication and causes of change of weather must evidently be studied with 
reference to this important difference. There is a third condition of weather whoi, at 
in the case of storms, it travels over land and sea at a nearly even pace, oocapying and 
affecting a narrow belt. Dunng cyclones the weather travels in this manner. Ths 
signs and causes of this travelling weather are somewhat different from those of the 
other two kinds. The weather is essentially the state of the air at the place and tima 
of observation, and change of weather involves the action of some eztemal cauis 
altering the condition of the atmosphere. The pressure of the air is constantly Taiying 
from a multitude of influences. The temperature of the air also changes every boor 
of the day. The moisture of the air varies with the temperature. The electrictd state 
varies from many causes. The direction of the wind frequently changes. There is 
thus a great complication of phenomena. By observation of the external world or by 
(Page 306) combining these with notices of the habits and instincts of animals, any 
one may acquire an almost instinctive perception of weather-changes. The state 
of the air is one of the first things that may be studied with reference to the 
weather. There is hardly a more certain prognostication of coming cfaanga 
than an imusual clearness of distant objects. Grenerally in all temperate ftlimatw it 
18 followed by bad weather within twenty-four hours, or if continued for some dayi^ 
severe weather is almost inevitably at hand. The quantity, mode of arningementy 
and form of clouds are all matters greatly to be looked at if we would foretell the 
weather a little in advance. Very light, lofty clouds, but detached from each otha, 
and often crossing each other*s directions, are frequently the first signs of change and 
coming Avind after continued fine weather. These cirrus clouds are called cats' tails^ 
and the sky covered with such clouds a mackerel sky : in summer they annomice rain, 
in winter Uiaw. By degrees the clouds descend and become more prominent; they pass 
either into heaped masses of cumulus or into dense horizontal stratus, forming at aonaet 
and disappearing at sunrise. Both kinds pass into grey, formless, leaden clouds, which 
(Page 307) at last empty themselves in rain. A very sudden alteration of form or shifting 
of the place of clouds, or a sudden obscuration of the sky without clouds in motion, 
is an indication of a state of the air generally belonging to changeable weather. When 
the round, heaped clouds appear early in the morning, they often gradually disappear as 
the day advances, and after noon the sky is clear ; but when they come on after noon 
and increase during evening, obscuring the sunset, they generally terminate in rain. 
Any violent and rapid motion amongst the clouds, owing to various currents of air at 
different altitudes, indicates the approach of changeable weather. At a few thousand 
feet above the earth there is a cloud stratum which forms a kind of dividing plane, and 
the more immediate changes of weather no doubt commence there, while the more 
distant alterations require a longer time to perfect. A fine sun9et is a valuable indica- 
tion of the weather of the succeeding day. It requires, however, some experience to 
appreciate the exact state of the clouds in this respect, and the probability of interference 
by changes of wind or temperature. Among signs of fine weather an early and heavy 
dew has often been noticed. Hail in summer is generally preceded by great heat and 
followed by cold weather. The state of the air in which smoke rises vertically and to 
a considerable height is known to be frequently followed by fair weather, whilst the 
opposite state, in which the smoke is beaten down and refuses to rise, is anfavounibleii 
9$ 
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The direction of the wind and the direction of the change when the wind veers round 
are among the moet Talnahle indicatians of weather open to the general observer. The 
(Poffe 306) latter is the more important as a prognosticating sign. A large amount of 
weather news is obtained by watching the animals and the conditions of vegetation, 
such as the flight of birds and insects, the departure of fishes from their usual haunts, 
the movements of oows and sheep in the fields, or of domestic animals in the house. 
Amongst hmnan indicators are the martyrs to rheumatism and neuralgia, persons who 
have old and imperfectly healed wounds, those with dry consumptive coughs, or those 
(Po^ 309) who suffer from bronchial irritation. All the conditions of the air are the 
result of causes which, if clearly understood in their relative importance and mode of 
action, would be reducible to direct observation and calculation. They depend on the 
pressure of the air, the tempemture of the air at the surface and at various heights, the 
dew poiot» the rainfidl, the clear or cloudy state of the upper air, the direction and force 
of the wind, the electrical state of the air, the presence or absence of ozone, and the 
(Page 310) magnetic condition of the earth and atmosphere. A temperature continued 
for some time below or above the average is an almost certun indication of change. 
The diractioD of the wind and the agreement or disagreement of the direction with Uie 
avenge d many years at the same period or season is an important observation. When 
(Page 811) the wind veers the change may be looked on as not unfavourable, but when it 
bsckt bad weather may be expected to follow. Settled north-west wind brings cold and 
fine weather. Auroias are often followed in our latitudes by bad weather, but the 
pnciae relations of magnetic disturbance with weather changes are not yet fully under^ 
stood. Feenliarities df weather, however great and strongly marked, must not, even 
when they extend over many years, be assumed to indicate permanent changes of climate. 
Although we may not be able to foretell the exact year of change, the general fact of 
periodicity 61 weather is clearly established. The power of foretelling is by no means 
easy to aoquize ; it can only be acquired by careful and frequent observations of the 
laiomrter and other instruments. It will also appear that, to judge of the weather 
a week in advance hj noticing the hour at which the moon becomes new or full, or by 
observing the weather at such hour, can only be a very vague and uncertain method 
lubject to variouB causes of local interference. It is not that valuable suggestions may 
Doi be obtained by collecting rules based on these suppositions. All observations and all 
model of oooneoting observations have a certain value, as they may suggest the true 
explanation, even if they do not give it. But the problem is so complicated that no 
ample solution can suffice. The prognostications of the weather-wise sailor or shepherd 
ire the result of the life-long observation of small signs, of the nature of many of which 
be is hardly aware himself, and which combine all that a dozen instruments, and as 
many careful meteorolpgists^ can discover. Exactly in proportion to the experience and 
habit of dose observation of natural appearances is the value of such an opinion ; and 
this is all that can be said for the meteorologist's also, for he compares the experience of 
I large number of persons, and combines their results before he is justified in expressing 
m opinion ; and his condusioQ must fail should he neglect some correction which, how- 
ever small, may largely influence the result. We may almost recognize the reality of 
m exiBtflDoe unhampered by material impediments when we find an instantaneous 
leepoDse of oar innermost senses and sensations to a material stimulus applied within 
the bunung atmosphere of the sun. Who has not felt the influence of weather in clearing 
up or obscnzing the intellectual fsMmlties ? We attribute this to an indirect action 
thnx^ the state of our health ; but who can say how much of it may not be due to 
nme direct action proceeding firom the sun ? Perhaps some of thoee peculiarities of 
lug^ nervQfus oig^niiation really owe their origin to a more ready sensibility to natural 
fanes. TUm tendency of all observations on climates is to show that it is subject to 
I mnnber of periodic changes, and we are fully justified in believing not only that the 
periods are many, but that we axe by no means acquainted with alL A few years 
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reproduce some phenomena; others do not recar for centuries or even thoosands of 
years. Geologists infer from observations that weather in special localities as well at 
climate must have varied greatly during different periods of the earth's histoiy. 

Somerville, IC (£. 43.) 

{Page 38.) Plants and animals vary with climate. The phenomena of the atmos- 
(Page 308) phere depend upon the revolution and rotation of the globe, which successively 
exposes all parts of it and the air which surrounds it to a perpetual variation of tiie 
gravitating force of the two great luminaries, and to annual and diurnal vicissitudes of 
solar heat Atmospheric phenomena are consequently periodical and connected with one 
another, and their harmony and the regularity of the laws which govern them become 
more evident in proportion as the mean values of their vicissitudes are determined from 
simultaneous observations made over widely extended tracts of the globe. The 
fickleness of the weather is proverbial, but as nearly the same amount of heat is 
{Page 309) annually received from the sun, and annually radiated into space, it follows that 
all climate on the earth are stable; and that their changes, like the perturbations of tbe 
planets, are limited and accomplished in fixed cycles, whose periods are still in many 
instanced unknown. It is possible, however, that the air may be affected by secular 
variations of temperature during the progress of the solar system through space, or from 
periodical changes in the sun*s light and heat. The spots on the sun must oocaskn 
periodical variations both in the light and heat of the sun. Accuracy in meteorological 
{Page 313) statements can only be obtained by means of averages of large numben 
{Page 316) of observations. Observatious tend to prove that all the climates on the 
earth are stable, and have remained so from the remotest historical periods, and that 
{Page 319) their vicissitudes are only oscillations of greater or less extent, which vanish 
in the mean annual temperature of a sufficient number of years. [* Climates * here ii 
{Page 338) apparently restricted to temperature.] The atmosphere is much mora 
unstable in the north hemisphere, with its excess of land, than in the southern, with its 
excess of water. Rains, fogs, thunder, calms and storms, all occur much more frequently, 
and are much more irregular as to time and place, on this side than they are on the other 
{Page 343) side of the equator. In tbe region of the trade winds the weather is steady 
{Page 386) and delightful. As the land rose at different periods above the ocean, each 
part, as it emerged from the waves, was probably clothed with vegetation and peopled 
with animals suited to its position and climate. And as the position and climate were 
different at each succeeding geological epoch, so each portion of the land, as it emerged 
from the ocean, would be characterized by its own vegetation and animals. The plants 
{Page 425) essential to man have great powers of adaptation to climates, especially the 
{Page 441) cerealia. The marine faunas are distributed in nine belts which surround the 
globe, each of which, being under nearly the same circumstances as to climate, has in its 
different parts either the same or representative species, and therefore it is said to be 
{Page 442) homoiozoic. The intertropical ocean forms the central homoiozoic belt; it 
has four others on each side, of which those at equal distances north and south have 
&unas mutually representative ; the two last belts are the circumpolar oceans. Tta 
lines which bound the homoiozoic belts are climatal and nearly correspond with the 
isothermal lines on land, so that they are neither parallel to one another nor do they 
coincide with the parallels of latitude, but are undulating from the effects of the warm 
{Page 490) and cold currents which come from the tropical and polar oceans. Most 
animals [= mammals] perish from change of climate, and many must have inherited 
{Page 491) their present stations from the first appearance of the land. In the 
temperate zone of Asia and Europe there are such varieties in size and colour as might 
be expected to arise from differences of food and climate. In the inter-tropical regiom 
and still more in the south temperate zones, the vertebrated animals are different, but in 
the similar climates tribes of forms in many respects analogous replace one another. 
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(Po^e 4d3) Many wikL animala adapt themselves to change of climate ; after acme 
piaations their habits and organisations alter to suit the new conditions. By draining 
(IV ^26) marshes, catting canals^ making roads, taming the courses of rivers, opening 
tonannnications, clearing away forests in one coontry and planting them in another 
Dao has altered the climate. 

1871. 

Iffanry, T. B. (£.224.) 

(Page 390.) To ^ve forewamings of approaching tempests on the coasts of the 
Adriatic, the Italian and old Roman castles had on their bastions pointed rods, to 
tiuch as they passed the guards on duty presented the iron points of their halberts, 
ktid whenever they perceived an electric spark they rang an alarm-bell, to warn the 
iiheniien and fanners of the approaching storm. This Italian custom was widely 
pread over the earth in former ages. In November 1854, the Anglo-French fleet was 
ramed of an approaching cyclone. The fleet withdrew, and the storm broke over 
ehastopol at the time predicted. The first idea of making use of the telegraph for 
mveying information as to weather occurred to Professor Henry in 1847, and he sug- 
ssted it in the Smithsonian Report, published January 6, 1848, and it was further 
>fiened to in the Reports for 1848 and 1849, and subsequently, but it was not till 
356 that observations were actually collected and posted. It was in full operation 
1 1858, when weather maps were made from reports received at 10 A.1L America 
Po^ 9^1) has the credit of first initiating and carrying into successful operation the 
fstematic use of the telegraph for the simultaneous registers of the weather over large 
PiUfe 414) areas. The Signal Office of Washington estimated that the probabilities 
uhUshed were fully verified 50 per cent ; partly, 25 per cent ; while 25 per cent 
bled. Many fulores were due to lack of information from places without observers. 
Paget 430-432.) Describes G. W. Hough's self-recording barometer and meteorograph. 
[Poge 432.) Describes Wild's self-registering barometer. 

B.,W. (B.39.) 

{Page 466.) A meteorograph amilar to Hough's, and invented by a Swede, was 
exhibited in the London International Exhibition of 1871. 

1872. 

HalI»J.J. (B.17.) 

{Page 327-8.) [The Swedish mstrument exhibited in the International Exhibition 
of 1871 was Theorell's printing meteorograph.] 

Howorth,H.H. (B. 21.) 

(Page 24.) The increase of land roimd the poles in recent times must have influtoced 
^^^isttteg; it would materially alter the mean climate of both hemispheres. [Here 
clinttte seems to mean temperature solely or more particularly.] 

Iiodkyer, J. N. (B. 25.) 

(Page 98.) He dwells upon the millions of observations made in the British Isles, and 
icinarks that the enquirers of some centuries hence will give up thdr examination in 
[espair. In meteorology the thing to himt down is a cycle ; if no cycle can be found, 
liant the science firmly on a physical basis, and wait for results. Observation in the 
hseoce of method is for research purposes of very inferior value. Mr. Ferguson tdd 
le that every <me in Ceylon recogrdzed a 13-year cycle. I suggested the cycle might 
1 11 yean. This conversation led to a letter in the * Ceylon Observer,* which stated 
B 2 ,99 
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that the weather cycle was ll-yearly ; but not with mathematical regularity, for at one 
time it may be 13 years, and at another 11 ; giving a grand cycle of 30 or 33 yean. 

Murphy, J. J. (B.40.) 

(Page 142.) I do not think the most important question in meteorology is the dis- 
covery of a cycle ; the chief desideratum is a dynamical theory of barometric waves. 

P.,H. (B.41.) 
^ (Pcf^e 420.) Prince says few prognostics of seasons can be relied on. 

8oott» H. H., and Wm. Galloway. (P. 49.) 

(Page 504.) They made curves based on the records at Stonyhurst ; 30 per cent of 
the colliery explosions were unaccounted for on meteorolo^cal grounds. Th^ con- 
clude that meteorological changes are the cause of most of the explosions ; 48 per cent 
were attributed to the state of the barometer, and 22 per cent, to the state of &' 
thermometer* 

1873. 

f 

Barrett, W. P. (B. 1.) 

' (Page 23.) One important feature of the translation of Flammarion's 'Atmosphere* is 
the frequent graphic delineation of data. 

Plammarion, C. (B. 13.) 

(Page xL) As it exists at the present day meteorology is a new science of recent 
establishment, scarcely as yet fixed in its elementary principles. The present genentkn • 
has seen the establishment of meteorological societies throughout the different natioos of 
Europe, and of special observatories for the exclusive study of problems relating to the 
atmosphere. The analysis of climates, seasons, and periodical phenomena, is scarcely 
terminated. The science of the atmosphere is the question of the day. Meteorology 
will be founded in the nineteenth century. The work is intended to collect all that is 
{Page 9) positively known on the subject. The solar heat keeps in continual work the 
ndghty factory of the terrestrial atmosphere, organizing the permanent system of the 
(Page 45) vital circulation of the globe. Solar heat gives nse to regular diurnal and 
monthly variations, the intensity of which differs according to the latitude. It now 
(Page 200) becomes necessary to ascertain what part of the immense calorific radiatioD 
which is incessantly emanating from the sim is at work in the atmosphere. Meteorology 
is nothing but a great physical problem. We have to determine what are the laws 
which regulate the manner in which heat, barometrical pressure, vapour of water, and 
electricity, are distributed in our atmosphere in relation to the movements which the 
solar heat engenders in the solid, liquid, and gaseous superficial stratum of our f^oba 
This problem, as Father Seochi says, is in reality but an application of the best known- 
laws of physics; the difiSculties of solving it are owing rather to the large number ef 
disturbing causes, and to the incalculable reactions of effects upon causes, than to any 
real deficiency in the general theory. Hence the necessity of numerous expeiimentiil 
data in order to arrive at a complete solution. 

Maury, J. B. (P.[26.) 

(Page 124.) Meteorologists say the science is as old as Aristotle ; but its progress hm' 
been very slow up to the middle of the present century. Within the past few yean H 
haa rapidly developed. 
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Stevenson, T. D. (9. 56.) 

(^PcLge 103.) The elements of time and distance should form part of the meteorological 
records. The gradient of all the elements should be calculated. There should also be 
horizontal sections by means of instruments placed at short distances from each other, 
and also vertical sections. The latter could be effected by having a series of stations on 
the slopes of a mountain. 

ITatiire. (£.64.) 

(JPctge 341.) Even under the present diverse systems of observation much valuable 
tnatezial has been accumulated ; but its value depends ;only on its being sufficiently 
approximate to meet the requirements of some of the more pressing questions, not 
because it is precise. Where questions require precision and uniformity the present 
systems of observations are found to be sadly wanting and unsatisflActory. Uniformity 
as mnch to be desired. The conference [at Leipzig in 1872] was only a consultative one, 
preliminary to one proposed for 1874 in Vienna. Twenty-six questions were proposed. 
{Page 342.) It was recommended that aneroids should not be substituted for the 
meicarial barometer. 

ITatare. (B. 65.) 

iPage 468-469.) [(Hves a programme of the subjects discussed at the Vienna Con- 
It consists of 28 questions.] 



ISTature. (B. 67.) 

{Page 335.) Professor Chase (Am. Phil. Soc Phllad., July 19, 1872) read a paper on 
'.Ethereal oscillation: the primordial force,' and stated that certain meteoiological 
cbservatians had been verified which had been based on his observations of the rain- 
&U at San Frandsoo. 

{Page 455.) B. H. Scott (MeteoroL Soc, March 19), read a paper * On Some Results of 
Weather Telegraphy.' Ilie information received was insufficient, both as regards 
qnailty and quantity, to give a complete idea of the weather. Serious results arise 
from the fieqnen^ of telegraphic errors. 

ITatnre. (£.70.) 

{Page 484.) During the year the Signal Service of the United States sent out 187,617 
Imlletais and 208^533 maps. The forecasts up to November 1, 1871, were verified to the 
extent of 69 per cent; since that and up to October 1, 1872, to 76-8 per cent. The 
^ro c anUon a i y ngnals were verified to the extent of 70 per cent 

1876. 

Hppkinson, John. (JBL 4*.) 

{Page 34.) Obaervations of the periodical phenomena of plants and animals alone 
xoay fdmish climatological data of importance in the operations of the fJBLrmer and 
gttdener. Combined with meteorological observations they may afibrd valuable assist- 
i^Page 86) anoe in investigations on climate, for these periodical phenomena both of plants 
and pTfww^ia are all more or less r^ulated by the laws of climate, and the varying 
JirfliMw^wii of the seasons. It is here that union is required. Aa an example of the 
infbcmstioii that may he derived fi:om these naturalists' calendars it may be mentioned 
that by eompaiing the various records of similar observations made simultaneously upon 
the wptOM selected at a number of stations in this and other countries, we may dis- 
|hif;iiidi those localities at which the same phenomena occur at the same time, and by 
^DMing lines thxougjh these localities we may indicate with clearness the isochronism of 
|he phenomfliiaaDd therefore of the dimatal conditions on which they are dependent* 
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Bayoe, A. H. ^NtOure^ xiL) 

(Page 489.) The * Observations of Bel ' were compiled before b.o. 1700. This tieatiie 
shows that amongst the Accadians cycles of 12 solar years were in use, during whidi ^ 
same weather was expected to recur. 

I Stewart* Balfbtir. (£.42.) 

(Page 348.) Terrestrial meteorology baffles ns owing to the largeness of the scale and 
(Ptige 350) the isolation of the observers. An exhaustive catalogue of all that has 
been done in meteorology in the English dominions has been framed by a British Aaor 
dation Cknnmittee. It requires to be supplemented by all that has been done abioad. 

ITatnxe. (B. 52.) , 

(Vol. xii. Page 160.) (Acad. Sci. Paris, June 14.) Fautrat read a paper *0n the 
(Page 264) influence of forests on climate,' etc.— (Acad. ScL Paris, July 19.) On 
(Page 405) Espy's meteorological essays by M. Faye.— (Brit Assoc. Meeting, 1876.) 
Dr. Hennessy read a paper * On the influence of the physical properties of water cm 
XPoge 488) climate.' [It refers to temperature.]— Zeits. f. Meteor., August 15, describes 
Theorell's printing meteorograph. 

(Vol, ziii. Page 56.) (Germ. Sd. Assoc Meeting, 1875.) Method of r ep rss on ting 
(Page 140) the various constituents of weather in a short and compact maimer, by Dr. 
Prestel— (Acad. Sci. Paris, December 6.) Atmospheric perturbations of the hot 
(Page 160) season of 1875, by M. Belgrand.— (Acad. Sd. Paris, December 13.) Atmo- 
spheric perturbations of the hot season, by M. Belgrand. Meteorological obBervatioDS in 
a balloon, November 29, by M. Tissandier. 

1876. 
Xhrana, JohxL (B, 4.) 

(Page 115.) [Refers to meteorological instruments : but has no remarks worth noting 
connected with climate.] 

Bpee. (B. 12.) 

(Pages 169, 170.) [Suggests that meteorology be treated as a distinct science by having 
professoriates of meteorology.] 

BymonB, G. J. (B, 15.) 

(Page 10.) [Simply a notice that the thermometers established under the auspices of 
the Meteorological Society are all placed as nearly as possible 4 feet from the grbund.] 

ITatare. (B. 17.) 

(Page 107.) The * New York Herald * of November 7, publishes a map of the weather 
of the morning, exhibiting the lines of atmospheric pressure and of the temperature of 
the United States. The meteorological charting, which was finished at the Gentnl 
Office in Washington at 10 A.M., was immediately transmitted from Washington in 
fiacsimile by telegraph to Philadelphia, where it was received at 10*30 a jc It was 
shortly thereafter published in the supplement of the *New York Herald' of the saise 
day, being the first occasion on which such telegraphing charting had appeared in any 
newspaper. The £Etct of telegraphing and printing such charts solves one of the greate^ 
difficulties of exchanges of weather reports. It may now be regarded as only a question 
of time when the more important newspapers of our British large towns will be in a 
position to present their readers every morning with a chart of the weather as existing 
only two or three hours before going to press ; and, indeed, it will not be till this resolt 
is effected^that the practical utility of weather warnings will be properly developedi 
102' 



GENERAL 1876—1877. NOTES. 



owing to our cloee proiiinity to the Atlantic, and the rate at which our weather changes 
pass to the eastward. 

ITatnre. (£.19.) 

(^Page 10-11.) [Aoooont of meeting of the "Vienna Meteorological Ck>ngre88« Notice 
of resolutions made,] 

ITatiire. (B.21.) 

(Va. ziiL Page 218.) (Zeits. f. Meteor. Nov. 15.) WUd reviews the work of the 
MetecHological Oongressefl of 1873 and 1874. Reprinted from the Annual Report of the 
{Page 440) Imp. Obs. at St. Petersburg.— (Meteor. Soo., March 15.) On the deduction of 
mean results from meteorological observations by L. F. Eamtz, trans, from Repert f. 
{Page 497) Meteor, by J. 8. Haidiug.— (Zeits. t Meteorol., Dec 1, 1875.) Wild on the 
OaDgresses. The sole result of these it had been urged would be to pile a million useless 
figures upon a million others already published. Wild admits that comparatively few 
of the figuresare of any use ; but who is to decide which will or will not be serviceable? 
Observations are faulty owing to their deficiencies, inconvenience of form, or variety pf 
airangement. Published observations are more carefully revised than unpublished. The 
{Page 491) latter are for the most part useless. 

{Vd. xiv. Page 143.) (Meteor. Soc., May 17.) Remarks on the present condition 
of maritime meteorology from 1853. Loomis*8 Contributions to Meteorology, 5th 
{Page 420) paper. Am. Joum. Sci., July 1876. The * Bothkamper Beobachtungen,' 
Na 3, contains Lohse's meteorological observations in the year 1873. Montigny 
{Page 562) (BulL Acad. Roy. de Belgique, 1876, Na 8) has an elaborate report upon 
the coonecdon between scintillation and various meteorological elements. 

1877. 

Aberoromby, Hon. E. {B. 1.) 

{P(tge 510.) Meteorology is said not to be a science by Aiiy, Sir Wm. Thomson, and 
others ; but a great change has come over the whole aspect of meteorology since the 
introduction of synoptic charts. Synoptic meteorology shows that the world is covered 
with shifting cyclones and anticyclones, which have each, subject to local, diurnal, and 
other variations, a characteristic weather and physical appearance; and one great 
problem of meteorology is to explain the observed weather over any area at any instant 
by defining the position of these cyclones and anticyclones. It is also said that the 
knowledge requisite to issue forecasts cannot be expressed in mathematical formulas or 
in ample maxims. Mean values or harmonic series will never advance meteorology 
much as a science. Meteorology is as much a science as geology. 

Broun, J. A. {B. 2.) 

{Page 251.) Strachey's true criterion of a periodicity is this. If the differences of the 
XBiniall [the nunfEdl of Madras is meant, but the remarks apply generally to climate] 
for each year from the mean of the whole 64 years be taken, and the mean of all these 
difiTerences (without respect to sign) be called the general mean difference; if we 
avenge the yearly rain&U in horizontal series of 11 successive years, and the means for 
the fiist^ second • . . years be taken, these quantities (periodic means) will show the 
mean variation in the period of 11 years, if any such exist. If now the differences of 
the yeariy runfiedl firom the periodic mean for the corresponding years be taken, the 
means of these, irrespective of sign, may be called the periodic mean difference. His 
true criterion appears to be that if there be no periodicity the variation in the periodic 
meams will tend to dinppear in a sufficiently long series of observations, and the general 
and periodie mean differences be identical It seems to me that the diBap^^esi^sua^ ol ^ 
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variation in the periodic means is here the trae criterion of no periodicity. Stiadiey 
{Page 252) concludes that when the periodic mean difference is much less than the 
general mean difference, a true period exists. I will show that this is no criterion of 
periodicity. If we represent variations of any quantity for a given time hy a conred 
line, and if we have several such lines of exactly the same form placed erne over the 
other, a straight line passing through the curves, with as much space between the 
straight and curved lines above as below, will represent the general mean. In a simple 
curve of two branches, the general mean difference will be nearly one-fourth of the 
amplitude of the oscillation ; while as all the oscillations agree with each other, and 
theiefoie with the mean oscillation, the periodic mean difference will be zero. I( how^ 
ever, we displace the individual curves so that as many shall be above as below their 
mean, both the general and the periodic mean differences will increase, and the 
differences between these quantities will diminish till the individual curves are so sep^ 
rated from the mean that none of them is cut by it, when the two mean difforeooeB 
will be equal ; between this case and that of general coincidence the two mean difEaroDoes 
will have values which will differ more or less from each, according as the individual 
curves are nearer to or more remote from the mean ; and the ratio of the one mean dif- 
ference to the other will tend to a constant value as the number of cycles increases, a 
ratio which will depend for its value on the mode of distribution of the individual cnrreB 
and of the irregular deviations from the mean. The two-hourly observations of the hero- 
meter at Simla for six days in Jan. 1845, gave as follows : general mean differanoe^ 
*0634 in. ; periodic ditto, *0615 in. Or if the first five days be taken, we get : generBl 
mean difference, *0656 in. ; periodic ditto, *0634. Here we have a large and regular semi- 
diumal period where the periodic ia not one-thirtieth less than the general mean difiGBceaoe. 

Buohan, A. (£. S.—TKe reference bIimM hetovoL xvL, not xviL) 

(^Page 424.) Meteorologists have for some time been aware that the 11 years cycle of 
sun-spots is coincident with a cycle of atmospheric conditions produdng asoertaioed 
terrestrial effects. 

Hunter, W.' W. (B. a) 

{Page 455.) The cyclic* coiucidence may be tested thus. If it really exists there 
should be a well-marked minimum group at the extremities of the cycle (in the 11th, 
Isty and 2nd years), and a well-marked maximum group in the middle (the 5th and 
the following years). The years on both sides of the central maximum group should 
r yield intermediate results, and when taken together should form an equally weU- 
marked intermediate group. 

Kinahan, J. H. (£.9.) 
{Page 334.) [Nothing for general notes.] 

Stevenson, Thomas. {B. 21.) 
{Page 586.) Prof. Balfour Stewart has separated meteorology into two great divisions 
—physical and climatia The latter I have proposed to separate into two subdivisions^ 
viz. normal and abnormaL The first of these subordinate branches includes the 
investigation of the usual states of the atmosphere in different parts of the earth's sur&oe* 
as ascertained by periodic data derived from the averages of observations continued 
for a series of years. The second subordinate branch has for its object the investigation 
of unusual temporary disturbances of the equilibrium of the atmosphere, such, for 
example, as storms of wind, by means of the comparison of individual observations 
extending over only a few hours or a few days. Physicists of high standing look 
with disfavour on meteorology, owing to the want of agreement amongst meteorologisti 
as to the means of determining even the most important fundamental data. One 
essential condition is uniformity in instrumental observations. No uniform inte^ 
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itiQiial flystem haa been established. Glaisher baa induced many observers to adopt 
e nniform height of 4 feet above the ground for thermcnneters and an uniform screen, 
tie Scottish Meteorological Society has adopted the height of 4 feet» and my double louvre 
otecting box. The Meteorological Society of England has adopted the same uniformity 
boxesy their exposure and hours of observation ; but amongst observers generally 
jd on the Continent there is less approximation to uniformity. Without uniformity 
e results obtained are not comparable. Climates may be defined as states of the 
mosphere due to the joint operation of geographical, geological, and other conditions 
:>re or less local, and they are judged of .by their efifects on animal and vegetable 
3. They do not depend, therefore, simply on the geographical position on the earth's 
Ace of the district where observations are made, but are largely a£fected by various 
oditions, such as the distribution of land and water, the nature of the soil and its 
rering, and the elevation or depression and character of the land at or adjacent to 
e place. Climates are therefore frequently of a local nature, that is, of small super- 
ial extent. Thus many varieties of climate may co-exist about the same paralld of 
dtnde, and even over a very limited portion df that zone. That such local atmospheric 
iluictioins do exist is shown by the varied distribution of plant-life, which, though 
• doubt laigely affected by the nature of the soil, is nevertheless dependient to a 
Dfliderable extent on the existence of certain atmospherical conditions. 

Stewart* Balfour. (B. 22.) 

(Po^e 45.) Dr. Arthur Schuster has found that the years of minimum sun spots 

*affe 46) coincide very nearly with the good wine years in Gennany. The temperature 

nges at Eew have an apparent reference to the sun ; the ranges being greater at times 

Tnn-HTnnm suu-spot frequency, but the correspondence is not so great as in the case 

the magnetic disturbance. Do these fluctuations occur simultaneously with the 

lar floctoatiiHiB? or do the solar fluctuations occur first? in the latter case we could 

pedict the greater meteorological occurrences. The Eew observations seem to indicate 

lat the temperature fluctuations occur six months after the solar. Meteorologists are 

eginning to suspect a somewhat intimate connection between the magnetism and the 

leieoiology of the earth. Baxendell, I think, first pcnnted out that there is a diurnal 

aequality in the direction and velocity of the wind apparenUy connected with the 

Itily changes of magnetic variation. J. A. Broun says that meteorological phenomena 

at due to solar action; the heating action is one, but there also seems to be a 

woond which introduces forces we cannot at present appreciate. K the sun affects 

(Po^e 47) the earth, so also may the moon. It certainly influences the earth's mag- 

iKtism, and Mr. Park Harrison has pointed out that its temperature is influenced by the 

Rlative position of the sun and moon. I have noticed an unmistakable reference 

to the plmse of the moon in the daily temperature range at Eew. In the summer, 

vben the full moon is low in the heavens, we have a less decided reference, which 

MODS to imply a maximum of didly temperature range about new moon and also about 

Muocn. But in winter, when the full moon is high, we have a veiy decided refer- 

e&oe, diowing a maximum of daily temperature range about new moon and a minimum 

tl)OQt fall mocm. The same features occur in the magnetic ranges. He suggests that, 

tt aoiar research, terrestrial magnetism, and meteorology hang closely together, they 

^bnld be stodied together. 

Stewart* Balfour. (£.28.) 
{Page 161.) The true test of a physical cycle is its repetition. 

ITature. (£.26,82.) 

(Page 59.) Dr. Williams treats the subject to which his book relates in its climatic 
Kdalkoi^ and gives a diseossion of the data adduced with regard to the theia^^tioll 
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action of British, Mediterranean, African, Indian, Anatralian sea v o y a gea and other 
climates dififering widely from each other as regards temperature^ hoxnidify, eleTStioo, 
and exposure to sudden changes of weather. 

ITatnxe. (B. 81.) 

(Page 263.) FroL Fritz finds evidence of an ll-yearly period in the hail-stoims 
{Page 458) and high riyer floods. Prospects of fair weather are increased in pn>- 
(Page 460) portion to the elevation of clouds. The ' New York Herald ' has aent seven 
storm-warnings since the end of February. 

ITatnxe. (£.32.) 

(Page 171.) (Hoyal Soc., May 24.) General Strachey *0n the alleged Oone- 
spondence of the rainfall in Madras with the sun-spot period and on the true criterioa 
of periodicity in a series of variable quantities.' The only signification of the arith- 
metical mean value of a series of observed quantities is, that it is one above and bdow 
which there is an equal amount of deviation in the individual observationsL The 
question is whether the mean values thus obtained can be accepted as showing a 
definite law of variation from year to year in the cycle. In the case of the Madrss 
rainfall it seemed to make little difference whether the cycle adopted be 11 yean 
(Page 172) or 4, 5, 6, 7, 8, 9, 10, 12, and 14 years. Now, if in any series of 
quantities there be a 'law of periodicity, each observed quantity may be supposed 
to be compounded of a periodical and non-periodical element. If we take the sum 
of a large number of cycles, each of which coincides with the cyde of periodicity, 
the non-periodical elements will tend to be eliminated and the means for the suc- 
cessive years of the cycle wiU indicate the periodical elements for the successive 
intervals. At the same time the differences of these means from the several origioal 
quantities from which they were obtained will be the several non-periodical elemeuta. 
In proportion as the periodical elements are large or small in relation to the ome- 
sponding non-periodical elements, so the difference (obtained as above) will be unive^ 
sally less or more different from the differences between the individual obeervatioDS 
and the mean of the whole of them; and if there be no periodidty the two setB 
of differences would, in a sufSciently long series, be identical. Hence it may be 
inferred when the differences (taken as before) closely approximate in magnitude to 
the mean difference ot the original observations from the arithmetical mean of all of 
them, the periodical elements in these observations must be correspondingly small 
The mere drcumstance of any series of cyclical means showing a single maximum and 
a single minimum gives no real indication of such a result being a truly periodical 
feature. The test of the periodicity is to be sought altogether outside of the particular 
values of the successive elements of the cyclical means. It is manifest that a com- 
plication of periodical elements may so mask one another as to prevent positive resulti 
being obtained by the examination of the means and differences. (B. 39.) The new 
(Page 224) Meteorological Council of the Koyal Society has no meteorologist on it 
[The article is on the constitution of the Goundl and the disposal of the funds.] 
(Page 253.) General Strachey contends that a periodidty is not indicated unless the 
general and periodic mean differences differ by at least 10 per cent. The periodidty 
represented by the diurnal barometric oscillations at Madras is too simple a test for 
the new criterion ; it should be tested on such a curve as the barometric oscillations at 
Valentia for December 1876, which, however, gives a difference between the two 
means of only 1-lOth per cent., and not rising to 1 per cent, for any of the 24 hours. 
The averages for the months, however, show most decidedly the presence of a periodidty. 
The phenomena of the diurnal oscillations of the barometer are among the most uni- 
(Page 254) versally accepted and best established periodidties of sdence.. Wero 
Straehey's new criterion accepted, it would sweep from our view scores of periodidtiei 
106 
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now evexywliere accepted and prerent enquiry in those departments, in which the non- 
periodical are yery largely in excess of the periodical TariationSy of which meteorology 
may be regarded as presenting the most numerous and best illustrations.— (Brit. Assoc* 
(Po^ 375) Meeting.) Meldrom. Theevidenoeinfavour of a cyde has much increased. 
Coofinnatory results have been obtained from the rain&lls at 13 stations in the 
{Pa^ 452) French colonies firom 1832 to 1872.— Alluard (Acad. Sd. Paris, Sept 18) 
notices that frequently the barometer has risen at Clermont while falling at Puy de 
BOme. This shows the necessity of studying the atmosphere in vertical layers. 

ITature. (£. 83.) 

{Page 113.) *Dr. Warring (Amer. Joum. Scil, Nov.) disou^des the question. Is the 
eristwicB of growth-rings in the early exogenous plants proof of alternating seasons? 
Some exogens form rings at intervals much less than a year; others require several 
years ; and some form no rings. The presence or absence of rings in exogens occurs in 
all cJimateWb Large and well-defined rings are formed where there is absolutely no 
appreciable variation of temperature or moisture throughout the year. An exogen 
naturally forming rings will continue to form them although the. climate become 
unifDrm throughout the year. Thus the existence of these markings in the ancient 
flora giveB no information as to the existence at that time of seasons. 

ISTature. (B. 86.) 

iPage 899.) [This is a reprint of the Report.] Meteorology at present stands in 
{.Page 400) need of hypothesis and discussion at least as much as of observations. 

ITatnre. (B. 87.) 

{Pagt 51.) The British Metflomlngioal Board have notified that the weather tele- 
gFama will be discontinued on Sundays during the summer. [This no doubt refers to 
the British Isles.] 

ITature. (B. 89.) 

[This is given under B. 32. See above.] 

ITatare. (B.40.) 
[Kothing in it kx general notes.] 

1878. 

AJbVtCtonikrjg Hon. Halph. On ike General Character and Principal Sources of Varia^ 
Horn m ihe Weaiher at any part of a Cyclone or Anticyclone. Q. Joum, Meieorol . 8oc 
IV. pp. 1-18. Published in No. for Jan. 

CPoge 1.) Two methods have to be combined to obtain a complete idea of cyclone or 
antJeydoDO weather. The first, or synoptic, method consists in drawing an isobaric 
m^ and marking on it the position of rain, clouds, &o., by which their position relsr 
ttrely to each other and to the cyclone or anticyclone centres can be ascertained ; in 
&cty in making a plan of the weather. The second method consists in recording the 
aaqiieDoe of phenomena which occur to a single observer as a cyclone or anticyclone 
panes over him ; in fact of drawing a section of the weather across a cydono along a 
fine psiaUel to its path. When this is done, it is found that the mere words rain, 
doods^ Ac, such as alone can well be marked on a synoptic map, convey but a very 
(Page 2) imperfect idea of their character and surroundings, as the kind of rain and 
kind of dood vary much in dififerent parts of a cyclone, and are readily distinguished. 
Also that the passage of similar parts of different cyclones over an observer does not 
bring exactly the same weather; for in one cyclone the sky may bo merely overcast, 
iHule In SDOtiier iSbae is heavy ndn ; and in one anticyclone there will be thick w«t ^<(^ 
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•while in another dry winds and blue sky will prevail These two methods, the fdan 
and] section as it were, are so widely different, that it is diflScult practically to 
combine them, and to realise how a difference in a cyclone, on a synoptic mi^ will 
^ect the sequence of weather as it passes over an observer. The object of the foUowiog 
paper is to define generally the nature and sphere of the principal sources of vaiiatloii in 
sthe weather at each part of any cyclone or anticyclone, and to show how, in spite of 
endless diversities, certain broad characteristics of each are always maintained^ Though 
the illustrations and details will refer almost exclusively to the weather of Great Britain, 
the general principles laid down appear to be of universal application in every part of 
the world. The first source of variation in any cyclone or anticyclone depends aa the 
type of general distribution of pressure to which either belongs. The commonest type 
of cyclone in this country has the highest pressure some point south of the oentze^ on 
which side steep gradients are found, while on the north side the gradients are yoj 
slight. In this case the rain and cloud area extends far to the 8. and S.E. of the 
centre, but comparatively little to the N. and N.W., while the hardest weather is 
generally found to the point of S., where the steepest gradients are. In another lea 
common type the highest pressure is some point to the N.G. of the centre, on wbidi 
side the steepest gradients are found, while to the S. and 8.W. the gradients are sU^^t 
In this case the rain and cloud area is very differently shaped from that just described, 
extending farthest from the centre in the N.E. direction, and less in the S. or W., 
while the hardest or most severe weather is found to the point of N.E., where tiie 
steepest gradients are. If also we consider the position of strongest wind, or tiie 
direction of the wind relative to the isobars, or the distribution of temperature lektive 
to the centre, we find that certain general features common to every cyclone undeigo 
considerable modifications, according to the type of pressure distribution to which it 
belongs. The former of these two types particularly mentioned above may conveniently 
be called the westerly, and the latter the north-easterly type of cyclone. 1^ anticydoDfii 
{Page 3) the influence of type is much less marked than in cyclones. The next sooroe 
of variation is the difference of what may aptly be called the intensity of any cyclo6e. 
In cyclones of the same type the weather differs much in hardness or severity, or in 
quietness. Thus in the S.E. front the sky may be simply soft and overcast in a cyclone 
of moderate intensity ; but with increased intensity the overcast sky would develope into 
soft drizzling rain, or even into a peculiar class of thunder-storms ; but, in spite of all 
these variations, there is always the close muggy atmosphere and dirty sky chasacter- 
istic of this part of a cyclone. Again, in the rear, the general character is always a 
cool, brisk feeling in the air, with a bright and broken sky, which varies according to 
the intensity, from simply heavy masses of cloud to hard showers, to squalls, or to 
hail-squalls, with thunder and lightning ; but no difference of intensity can ever alter 
the fundamental difference in the general character of the S.E. front and rear portions of 
a cydone. It is well known that a deepening cyclone is increasing in intendty, whOe 
one which is filling up is decreasing. In anticyclones the term intensity is much 
less applicable to their characteristic weather than in cyclones. The term intensity 
has been applied by the Bev. W. C. L^ to the difference of weather due to the 
steepness of gradients, and though that is one, and perhaps the principal source, of 
variation in intensity, the term is capable of considerable extension of meaningi 
Short-lived cyclones, forming and disappearing rapidly, or a great development of 
secondaries, in which gradients are usually sli^t, though the weather, so fleur as rain 
and thunder are concerned, is very severe, are atmospheric conditions to which the 
term intensity is equally applicable. Another source of variation depends on the ax» 
and shape of the cyclone, and is intimately connected with type and intensity. It 
might obviously be expected that the weather in any part of a large cyclone as, for 
instance, one of those which sometimes entirely cover the Atlantic Ocean, would be 
very different from the weather in a small cyclone, which perhaps only just covered 
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he Brituh Iflles; and this is fully borne out by obserratioii. In very large cyclones, 

lie steepest gradients and the bad weather which accompanies them are always foond 

it KHne distance from the centre. Round the centre itseU^ when the gradients are very 

hA^ the tkj is usually broken with hardish clouds^ and there is a cold pleasant feeling 

)f the air. In small cyclones the heaviest rain usually surrounds the centre, and 

steoda more or less to one side or the other, according to the direction of the nearest 

int of high pressure and the steepest gradients. Another source of variation in the 

Bxe snd extent of a cyclone rain and cloud area has been pointed out by Professor 

Loomis. His examination of the United States' weather chart points to the conclusion 

bhstthe ndn and cloud area is extended fieui^her in front of cyclones that are moving 

[Page 4) lapdly than in those moving slowly ; but Mr. R. H. Scott has pointed out 

that it IS difficult to trace this over an area so intersected by sea and land as the British 

Uandi. Another great source of variation is a class of phenomena which has as yet no 

reoogoised name, but to which the term diurnal variation seems very applicable. To a 

Bn^ observer the broadest feature of the diurnal variation of the weather in a 

sjdooe is that, starting from early morning, the amount of cloud and the general 

Kfcrity of the weather and rain gradually increase till about 2 p.m., and then 

;iadaally decrease till nightlalL Occasionally a type of cyclone occurs in which the 

nm comes on during the night and takes off or ceases during the day. This is 

ondoabtedly due to some (ar-distant general causes affecting the origin of the cyclone ; . 

but the few cases I have been able to trace are not sufficient to form any opinion on the 

Bobject; a diurnal variation of the weather is, however, sufficiently well marked, 

Aoog^ it is to a certain extent abnormaL {Noie. — Diurnal variation is also much 

JnfciaDoed by the type of pressure distribution. With north-west winds and pressure 

1^ to the S. W. of Great Britain cloudy days often culminate with a squall or 

ahom about 4 pjf«, and then subside to quiet nights.) In anti-cyclones the diurnal 

wiition presents a marked contrsst to that in i^dones. In them a misty or cloudy 

noming is Mowed by a great diminution of cloud as the day goes on, while later on in 

the erening mist and doud are sometimes again formed. If, besides these broad 

festores of diurnal variation, we consider some of its more minute changes, we observe 

tbt in cyclones a cloudy nM>ming often has a short break about 10 A.H., that the 

vntber then becomes much worse, but has a marked tendency to break again about 

4 pjL In anti-cydones a clear morning at 4 a.m. is frequently very cloudy at 

10 AJL, after which the doud again decreases till about 4 p.h., when more cloud or 

nist is often again formed, and last till quite late in the evening. The increase of 

dood during the day in cyclones may be generally described as an increase of intensity ; 

tbe decrease of douds in anti-cydones is not so easily explained, unless it is due to the 

nuatased intensity of the descending current found in them ; but the minor changes at 

^Ajf., 10 AJC, and 4 pjl are obviously connected with the normal variation of the 

Womet^, and their attentive study may perhaps some day throw light upon that 

pozsling phenomenon. But whatever modification the diurnal variation may make in 

a cjdone or anti-cyclone the general character of either is never lost. No diurnal 

▼viatioQ can make the clouds and look of weather in front of a cyclone like the clouds 

b the rear or like the douds formed from rising mist in an anti-cyclone, the variation 

^flingnot merely a modifying influence superimposed on a more general effect, but in 

one cases where the general character is not very strongly marked, the diurnal variation 

eoomes an important feature in a da/s weather. Hence, if we take the case of a 

titionary cyclone, and lay down on a synoptic chart the weather at any part of it, the 

ctent of the cloud and rain areas will extend much iarther from the centre at 2 p.m. 

um at 8 PJC, and in an anti-cyclone much cloud will be found near the centre at 

?age 6) 10 AJi., but very little at 2 p.m. (Jfofe.— Since writing the above I have 

en a number of United States' tri-daily synoptic maps. In some of them the difference 

' cloud and wind in the same disturbance at different hours of the day is very wdl 
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marked.) Some dinmal variations of the weather seem to take place in eyery part of 
the world, as, for instance, the dsdly thmiderstorms which occur in some parts of the 
tropics. The above details apply to the British Isles only [bat still they have a geoeal 
bearing]. Another very important modification in weather is local variation. It ii 
well blown that in any storm the position of showers, squalls, and thonderstorms is 
very local, and at some places, either from the contour of the ground or other canse^ 
they are much more frequently developed than at others ; so also with the amount of 
rain-fall, the position of ridges of hills relatively to the prevailing directaon of the windy 
or the presence of lakes and forests as compared with bare ground, or the positioQ of tfas 
sea relatively to the prevtdling wind, all seem to have an important influence in 
regulating its amount. So important is the position of the sea that on our east cotsti 
the worst weather is with east winds, while on our south coasts it is worst with west 
winds. In anti-cyclones and under any conditions where easy gradients do not g^VB 
any very general marked character to the weather, the local variation is much men 
important than in cyclones where the general character is much more strongly marked. 
Local variation is found in every part of the world ; and in the tropical and equatorial 
regions, where barometric gradients are usually slight, it becomes a more important 
element of weather. The last source of modification, I would notice, is the seasonal 
variation. In this country during winter the cyclones are usually much larger than in 
summer, and even in cyclones of about the same size and intensity the podtioii of the 
rain and cloud area is not quite the same. In winter time the clouds and general 
appearance of the sky are usually softer than in summer, and the rain is more drinly 
and less showery, besides many other smaller differences, which are too well known to 
require minute description. We shall now describe the general phenomena whidi 
appear to a single observer ar different parts of a cyclone past over him, by which we 
acquire the knowledge of other important &cts not to be deduced from synoptic maps. 
In a British cyclone of ordinary size the rain area and cloud ring are divided into thres 
well-defined portions which differ much in general character, viz., the N.E. front, the 
S.E. front, and the W. or rear side. The front is divided from the rear by a line dnwn 
through the centre of the cyclone, in front of which the barometer is falling while in 
rear it is rising. The passage of this line over an observer, especially its sonthem hal^ 
(JPage 6) is marked by a very sudden and striking change in the appearance and fieeling 
of the weather ; the N.E. and S.E. fronts, though they have much in oommoo, are 
sufficiently different to be classed separately, and are divided by the line drawn through 
the first, which represents the path of the cyclone ; but this line does not mark the 
position of any great physical change, as the weather in either front merges gradually 
into the other. In the N.E. front, when the steepest gradients are somewhere soutli 
of the centre, the first symptoms of its approach are a gradual darkening of the sky till . 
it becomes overcast, with very little of the appearance of the formation of true cloud; 
or else light wisps or barred stripes of cirrus, moving sideways, appear in the blue sky, 
and gradually soften into a uniform black sky ; near the centre, light ill-defined showers 
fall from the uniformly black sky, the wind from some point between south-east and 
north-east blows uneasily, and though the air is cold and chilly there is an oppressive 
feel about it. These appearances continue till the barometer begins to rise, when the 
•character of the weather at once begins to alter. In a cyclone where the steepest 
gradients are somewhere to the north and east of the centre, t^e general character of the 
weather is the same as above described, but is much more intense, the wind rising at 
times to a heavy gale and the ill-defined showers developing into violent squalls. In 
the south-east front, when the steepest gradients are to some point south of the centre^ 
the first symptoms are likewise a gradual darkening of the sky into the well-known 
pale or watery sky, with a muggy oppressive air, or else, as in the N.B. fronts 
wisps of cirrus first appear in a blue sky, which gradually become heavier and soften 
till the sky is uniformly overcast Nearer the centre, "rain, usually in the form of 
1^0 
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sets in, and the wind, from some point between south-east and sonth-west, 

ivjing in foroe aoooiding to ihe gradients, drives the cloud and rain before it But 

Urn wind differs firom that in the other portions of the cyclone in its way of blowing ; 

and for the same velocity does not raise so high a sea, or seem .to bear so much down 

oi the snr&oe of the earth. In cases of very great intensity, the rain in this portion of 

acjckme may come in showers or even in squalls, bat the general character is never 

ImL These characters last till the barometer b^ins to rise. A line drawn from the 

ceDftre of a cyclone in that southerly direction, along which the barometer turns to rise, 

miks out the positicm of one of the most striking parts of a cyclone. Viewed on a 

qmoptic diart a anudl secondary cyclone is often fonned in some part of it, or else a 

eoiioas Y-shaped depression, which frequently extends to the south of the centre. It 

voold be a point of very great importance to determine accurately how far the line 

tkog which the barometer turns to rise is at right angles to the direction of the path of 

the ^ckxne. As fiur as my own researches have gone it seems to be often at right 

tDg^ to that motion, but frequently it stretches nearly due south of the centre, 

enn when the cyclone is gcnng well to the north of east It is sometimes very 

Waii to draw this line accurately, owing to the frequent changes in the depth of 

toy qrckme. As any portion of this line passes an observer, an immediate (Page 7) 

dange comes over the whole appearance of the weather, and the transition is often 

toeoDpamed either by a very heavy shower, squall, or hidl, with a small irregular 

flnctnBtiQn of the barometer. The general character of the west or rear side, which now 

|HHi over the obeerver, is a cool, exhilarating feeling in the air, with a high, hard 

iky, of which the tendency is always to break into firm detached masses of cloud. The 

nin which occurs near the centre is usually in cold, sharp, brisk showers or hard 

tfiptSk, and the general hard look of the weather presents a marked contrast to the 

dirtjr ^pearanoe of the weather which characterises the whole front of a cyclone. As 

the eeotie recedes from the obeerver, showers or squalls are replaced by simply detached 

naaei of doud, and these finally disappear, leaving a blue sky. The wind from some 

point betwsen west and north blows gustily and for the same velocity raises a higher 

an than a south-west wind, and ^eems to bear down more on the surface of the water. 

^ whole of the rear of a cyclone partakes of this general character, but the change of 

blather along the line drawn north of the centre, along which the barometer turns to 

BM^ is not nearly so strongly marked as along the southern line. In one of the few 

cm I have been able to observe of weather on the north side of a cyclone going west, 

tlie north-west wind, in what was then the fix>nt, was dull and oppressive, but when 

the wind veered to north-east the sky broke to cumulus and the air felt fresh. This 

rani to suggest the important conclusion that the specific characters of the front and 

lear aze due to some property of cyclone motion and not to the direction of the wind. 

In secondary qydones, as viewed on a synoptic chart, the area of rain and cloud some- 

timei appears to cover the area of shallow gradients inside the secondary ; at other 

times ihe rain especially seems confined to the partial ring of steeper gradients which 

eonoond the secondary on the side of the nearest area of high pressure. The most 

strikbg difference between a secondary and primary cydone is the great amount 

of run and cloud with absence of wind developed in the former compared with 

the less rain and cbud but the greater wind developed in the latter. To a single 

observer the characteristic features of a secondary are a uniformly overcast sky, with 

a peeoliar stagnant motion of the clouds, and a very gloomy appearance and oppres- 

ttre state of the atmosphere. When the rain comes on it is usually very heavy 

and falls straight, and in its general appearance and surroundings is very different 

from the driving drizzling ndn, so characteristic of the front of a primary cyclone. 

Another very marked difference between the rain in a primary and secondary cyclone 

is the motion of the barometer. In a primary the misty rain in fi*ont is accom- 

panied.by a rapidly falling barometer, while the hard rain in rear is accompanied by a 
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rising barometer; but in a secondary the barometer is usually perfectly statioDaij 

with a slight but quick motion at the beginning and end of the rain, either up or down, 

according to the general direction of barometric change. This heavy rain and cloud, 

with a steady barometer, was long very puzzling, and it is only since the publication of 

the carefully-drawn charts of the Meteorological Office that its true nature has been 

(Page 8) discoverable. In anti-cylones viewed on a synoptic chart, the position of bine 

sky, cloud or fog seems very capricious, but to a single observer a certain general 

character is readily perceptible ; but as it is much less marked than that in cyclones, it 

is more easily masked by diurnal, local, and seasonal variations. In a general way the 

weather is fine or at least quiet ; and though, in the calm centre especially, thick fogs 

are often found, and cloud in other parts, the surroundings are so different, that ihey 

can rarely be mistaken for cyclone weather. There is always a certain coolness in the 

air, though if the sun shines it is very hot ; in fact the terms ** radiation weather " and 

** radiation temperature ^ would generally best describe anti-cyclonic weather. There is 

no doubt that in this country rain sometimes falls in an anti-cyclone, and in France it 

seems to be tolerably common. To a single observer the rain is usually in short 

showers, with rather a high sky, and -the general appearance is different from that in 

dther primary or secondary cyclones; the showers are veiy often acctenpanied by a 

slight irregular motion of the barometer, and as they are very short and of small extent 

are probably due to some local disturbance. [Illustrations are given of the genenl 

principles from the weather prevailing on specified days in various parts of the Britidi 

(Pcige 12) Isles and contiguous area. The addition referred to below was made in Maroh.] 

The following are additional illustrations of the term intensity as applied to weather. 

(P<ige 18) Take a cyclone of a certain size and shape, and conceive another of the same 

size and shape moving in the same direction at the same rate, but in which the isoban, 

instead of representing a difference of *2in., represent a difference of only *lin., then 

we should have two cyclones differing in nothing except intensity, which would he 

greater in the first than in the second. The corresponding difference of weather would be 

shown in a less continuous area of rain near the centre, in a smaller extension of cloud 

roimd the rsdn, and in a less total rainfall all over the country during the cyclone'* 

motion. Where squalls occurred in the first cyclone they would be replaced in the 

second by brisk showers, and the weather generally would be more deficient in those 

properties to which the words hardness or severity are usually applied, but the general 

character and position of the front and rear would remain unaltered. Thus we see that 

this kind of intensity depends on the steepness of the gradients in a single cyclone. 

The other kind of intensity refers rather to that sequence or tract of weather to which. 

the term broken would be applied. From synoptic charts broken weather is found to 

be either the product of small quick-moving cyclones, which only exist a very short 

time, or of frequent secondaries ; in contradistinction to the weather produced by large 

shallow-gradient cyclones, moving slowly and lasting some days, which would he 

associated with more settled weather. The difference between these two kinds of 

intensity is analogous to single heavy gusts of wind being as much a sign of great 

atmospheric disturbance as numerous short puffs, although they proceed bom different 

causes. With regard to the line dividing the front and rear of a cyclone, it can alwaya 

be approximately determined by drawing a series of sections of pressure across tha 

cyclone, parallel to its path. The line along which each of the sections changes from 

rise to fall is the line required, and is obviously independent of the deepening or filling. 

up of the cyclone. Sometimes when a cyclone is filling up very rapidly the barometer 

rises even when the central line is approaching the observer ; and conversely, when a I 

cyclone is deepening rapidly the barometer continues to fall after the central line has 

passed, but the relation of wind and weather, relative to the cyclone centxe, alwayi 

remains the same. In this fact we have the explanation of many seeming anomaliea 

between the apparent motion of the barometer and the actual state of the weather. 
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ISTS (^continued,) 

Abereromby, Hon. Balph. On the Application of Harmonic Analysis to the Reduction 
sf Meleorologtcal Ohiervations, and on the General MeihiMi of Meteorology. Q. Journ. 
MeteoroL Soe^ It. p. 141-156. Bead April 18. Publiahed in No. for July, {ra.) 

{Page 141.) The paper illustrates harmonic analysis by taking pressure as an 
exMDple, and tracing the physical and geometrical meaning of every step from tho 
larognphic record till the tabulated records are exhibited in a harmonic series. But 
comparing this curve with the traces from which it is derived we see that the result of 
tfen^ing is to eliminate all the information which might have been derived from them 
rdttife to the position or passage of cyclones, squalls, etc., as they occur at irregular 
boon, in fact all that makes up changes of weather, and that only the regular periodic 
TtriitioQ is left. Also that this diurnal mean curve is only the graphical representation 
of the Diet that there is a diurnal variation of the barometer, which is usually of a 
ccrtiiQ magnitude, and occurs usually at certain hours ; but the curve gives no clue to 
the caose of this variation beyond the obvious inference that as its period is one day, 
tbe son is probably the primary agent. During an arctic winter the resultant curve 
of daily mean pressure will be an irregular line whose fluctuations have no physical 
DietDiiig, but represent the fact that the cyclonic variations have not balanced in so 
tbort a time. If now we take the same series of figures representing the mean pressure 
: »t efery hour of the day and combine them by Bessel's formula, we get a harmonic 
S SBTiea of the form P = A + B (sin e + C) + D sin (2 e + E) + etc., and if we plot the 
■* ctirre represented by the above equation with the proper co-efficients we find that it is 
- almost identical with the former curve of mean pressure. In fact this formula gives, 
' in a tingle expression, the whole of the isolated tabulated values in a very convenient 
manner; and as the co-eflScients can be calculated for any number of difft^rent places 
it ia easy to compare the respective characters of their diurnal variation ; so when mean 
values are used the harmonic analysis is the most convenient and perfect method of 
averaging. But it is most important to observe that a harmonic series can be made to 
tit any arbitrary function whose law is unknown, but of which numerical values can bo 
^tennined ; that in this case the formula only gives the numerical, but not the physical, 
l*w Qf the variation of the barometer by expressing in mathematical language the fact 
^^t It a certain hour the pressure is a certaia distance from the mean, without any 
rererence to the physical cause, so that it is merely the algebraic embodiment of a fact. 
it is also evident that nothing more is learnt from the harmonic series than from 
iiB|)ection of the curve formed by plotting the mean values directly. But there is 
another totally different view of a harmonic series which has been very stronj^ly 
advocated by Sir William Thomson, viz., that when the numerical values of a physical 
Jihenoroenon are reduced to a harmonic series, each algebraical term corresponds with one 
<>f the physical constitnents of the total variation represented by the whole series. 
i'^h term of such series represents that class of motion called harmonic, which in a 
simple form he has shown to play a prominent part in physical science; while tlie 
more complex harmonic series be has used with great success in tidal investigations. 
(Pa^ 143.^ llie general idea seems to be that as a matter of observation harmonic 
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action is almost a great physical principle ; and that just as in complex waves the 
primary wave is naturally subdivided into 1, 2, 3, etc., ]iarts, so in complex harmonic 
motion the primary is naturally subdivided into motions correspondiug to O, 2 6, 3 9, 
.... etc. ; so that in thus analysing an unknown function into harmonic constituents 
we have a great eugine of discovery, and not merely a formula that puts into a short 
compact form a number of isolated facts, or that approximates to an arbitrary function. 
The author does not feel competent to enter into the general principles involved either 
in harmonic motions, or the curious analogies which can often be traced between 
analytic symbols and physical phenomena ; but from a meteorological point of view, 
and considering only the diurnal variation of the barometer, he would remark, that 
neither method gives much clue to the physical causes, be^-ond the probability that it 
has something to do with day and night. In whichever way we look at harmonic 
analysis, its value must depend on our estimate of the use of averages, or of the 
(^Page 144) statistical method generally in meteorology. A large and most useful class 
of statistical results have been derived by. taking the statistical value of different 
elements, and considering their amount locally or by comparison with surrounding 
places. 

The introduction of statistical methods was a great step in meteorology, but it is 
now necessary to examine where these methods fail, aud why they can never raise 
meteorology to the rank of an exact science. The failure of statistical methods may 
principally be referred to three causes : (1) that, when applied to the fluctuations of 
any one element, they only take hold of periodic phenomena; (2) that of these 
periodic phenomena averages only give the facts of their variation, and often furnish 
no clue to their causes or laws : (3) that when applied to the amount of any one 
element or to the discussion of synoptic maps, phenomena are often classed together 
which are not really identical, but have only one common property. We will now 
consider these sources of failure separately. I. The elimination in these results of the 
effects of cyclones and anticyclones leads naturally to the consideration of what part 
synoptic charts must play in the future study of meteorology. Though sucb charts 
have been constructed for more than twelve years, meteorologists are by no means 
agreed as to their use or meaning, and the author therefore proposes to make a few 
remarks on their relation to the general problems of meteorology, and to point out the 
method of attacking certain questions by their means. In the first place the study of 
synoptic charts gives an answer to the question " what is weather ?" Weather is the 
product of the jmssage of cyclones or anticyclones over any place. In temperate 
regions the circulation of the atmosphere, the general scheme of which is at present 
entirely unknown, always takes broadly the form of cyclones or anticyclones, whose 
position and shape arc in a state of perpetual change, subject to numerous local, diurnal, 
seasonal and other variations, the weather at any part of either always possesses the 
same characters ; so that the weather over any area at any instant is the result of their 
position, and the sequence of weather over any sytot is the result of tbeir motion. 
Hence the problems for the meteorologist to solve, as regards weather, are : (1) To deter- 
mine the character of cyclone and anticyclone weather, which would give the explana- 
tion of the observed weather at any moment over any area— a very complete solution of 
which is certainly possible. (2) To explain the observed sequence and variation of 
{Page 145) each element over any spot by defining the position and motion of the 
cyclones or anticyclones that have passed over it. (3) To study the motions of cyclones 
and anticyclones so as to discover the nature and laws of their changes, so that given 
their position at any moment, their future course and resulting weather may be fore- 
cast. Very little progress has been made in this direction. If this general view of 
weather be correct, meteorology is essentially an observational science, for the physical 
conditions are not such as can be reproduced in the laboratory, nor are the resulti 
cnpnhJe nf hiiig: expressed in mathematical language, or in simple maxims. The views 
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List enunciated point to a great change in the way of looking at weather prognostics, 
f every part of a cyclone or anticyclone has a characteristic appearance, then every 
»rognostic must be studied with reference to the synoptic conditions during which it is 
bserved, and all that any such progndstic can do is to enable an observer to identify 
lis position relatively to the cyclone or anticyclone. An observer with telegraphic 
iformation could often forecast the result by considering the surrounding pressure. 
rhe following is an illustration of an important class of questions whose solution can 
Jready be roughly sketched since the introduction of synoptic charts. From them 
t is easily seen that the positions of persistent anticyclones, and of areas of depression 
hat are constantly traversed by cyclones, are roughly defined by the distribution of 
and and sea ; and some day, when it is more worked out, it will be possible to say 
rhat alteration in climate would be produced by a change in the position of land and 
Page 146) sea. For instance, in winter there is usually a persistent anticyclone over 
uberia, which stretches across Central Europe, while the North Atlantic is covered by 
. persistent area of depression, in which cyclones are constantly formed in such a 
lOsitioQ as to leave England traversed by warm s.w. winds. Observations on the 
;eneral circulation of the atmosphere show conclusively that the Siberian anticyclone is 
iue to the cold radiation from the land. Hence, if Siberia were submerged, the anti- 
yclone would disappear, the Atlantic cyclones would be able to move east, and, with a 
arger proportion of west winds, the climate of England would grow colder. Again, 
here is another class of questions that it has been attempted to solve solely by 
tatistics, but which the author ventures to think can only be satisfactorily handled by 
eference to synoptic charts, viz., the connection of rainfall with sunsjwts. Take, for 
sample, the rainfall in the north of Scotland for 1872, a year of sunspot maximum. 
n that year, according to Buchan, the rainfall over a small area in the valley of the 
)ee was 75 per cent, above the average, while within 120 miles of this area, in a north- 
rest direction round Cape Wrath, there was a large region where the rainfall was below 
he average. Taken as bald statistics, it would be difficult to say from this whether 
ainfall was increased or diminished by a sunspot maximum. But if we consider the 
ynoptic history of the year we find that it was characterised both by a great diminution 
n the number of large cyclones moving in a n.e. direction at some distance from Great 
Britain, which expose our west and n.w. coasts to wet s.w. winds, and leave our east 
oasts comparatively dry ; and by a great increase of small cyclones and secondaries, 
>oth of which are always very wet, crossing our islands in an east or even s.e. direction, 
hereby greatly increasing the rainfall on our east coasts, and in the case of cyclones 
;oing S.E. into the Grerman Ocean, often leaving our x.w. coasts comparatively dry. 
t appears, therefore, in this case a year of sunspot maximum was associated with a very 
veil marked and readily described variation in the usual synoptic conditions of the 
rhole of western Europe; and if this is confirmed in future years it will then be safe 
connect sunspots with the general circulation of the atmosphere, which can never 
)e done so long as we consider only one meteorological element. In connection witli 
his it may be observed that the year 1877, a sunspot minimum, was remarkable for 
he small number of secondaries which crossed Great Britain. Similarly with regard 
o the connection of Indian rainfall and sunspots, it seems doubtful whether pure 
tatistics can ever lead to a satisfactory result. Indian rainfall is so local and so 
lependent on both monsoons that, imless the rainfall returns are carefully considered 
Fijge 147) from a meteorological point of view, and daily synoptic charts constructed, 
o show if there is really a cyclical variation in the position or force of the monsoons, 
jre shall never be justified in asserting that there is a real physical connection between 
nmspots and weather. There is a farther great advantage in this method of treating 
he question of sunspots. The same synoptic investigation which is required to deal 
inth rainfall also supplies the explanation of the decrease of temperature, increased 
proporUoQ of west winds, and unusual number of thunderstorms o\<:t \^ . '£i>aiXQ\^ Vql 
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1872. What has alrcaiiy l>een explained »vith refereuce to 'the harmonic curve of mean 
daily pressure is ca|)able of extensiou to every algebraic expression, viz., that it only 
expresses in symbolical letters facts or ideas which might be expre<se*l more cumbtT- 
somely in words. Hence it is imix)ssible that there should be an algebraic criterion of 
fact as a logical toucbstone of what is true ; that is to say, that letter symbol? dij?cover 
no more than word symbols. Therefore it is evident that if we have two sets of 
phenomena to compare, which can both be shown graphically in a similar manner, no 
mathematical combination can either alter or improve the judgment which the eye 
will form as to their probable coincidence or otherwise. The consideration of the fore- 
going questions as to change or recurrence of weather brings forward very prominently 
a great want, which synoptic charts may be used to supply, viz., a description, in 
synoptic terms, of cold, hot, wet, dry aud stormy seasons, etc., or of long tracts of 
weather, as referred to the position and motion of cyclones and anticyclones. One 
source of increased cold has been already mentioned as depending on the position of 
cyclone paths, but much cold in winter is due to the presence of anticyclones with their 
radiation ; and there are probably other conditions of wet years than those of 1872 ; 
and till these and similar groups are properly defined and classified, we shall never be 
able properly to discuss questions of climate, or to say that the recurrence of any one 
element is more than a mere coincidence. Before leaving this subject the author 
wishes to make a few remarks ou the attempted application of statistics to the 
discussion of synoptic charts, which up to the present has not led to much result, 
nor does he think it ever will. We have seen that if there are no constant periodical 
phenomena a mean value is only the arithmetical result of certain unbalanced 
observations. For instance the exact direction of the wind at any part of a 
(Page 148) cyclone is variable, dei)ending principally on the ix)sition of the steepest 
gradient, so that the mean direction of the wind at that point merely signifies that it is 
usually in that direction, but does not say what it would be in any given type of cyclone. 
Again the mean velocity of a cyclone has no physical meaning, but only states an arith- 
metical result, and is of no use in forecasting the path of any particular cyclone. To carry 
out the investigations refeiTed to in this i^art of the paj^er it is evidently absolutely 
necessary to construct synoptic charts for certainly the whole northern hemisphere and 
probably also for the southern hemisphere, for by no other means will it be possible to 
discover that general scheme of the circulation of the atmosphere on which the whole 
science of meteorology appears to rest. 

II. Before dealing with the second reason of the fi\ilure of averages, viz., that 
when applied to periodic variations they only give the facts and not the causes, the 
author wishes to point out the position of diurnal jDeriodic phenomena generally in 
meteorology. If we look at any set of synoptic charts we see that the cyclones and 
anticyclones seem to go on their course tolerably independent of day or night ; while 
if wo look at any set of meteorograms wo see that every element has a diurnal 
variation. In some, as in barometric pressure and direction of the wind, the diurnal 
variation is small compared to the cyclonic ; while in others, as in temperature and 
velocity of wind, the diurnal variation is large as compared with the cyclonic An 
inspection of any set of barograms shows that the diurnal variation of pressure is 
simply a small fluctuation overlying either cyclone or anticyclone, and an inspection of 
synoptic charts for any hour shows that the direction and force of the wind are always 
determined by the position of cyclones and steepness of gradients ; while in a former 
paper the author has shown that the general character of the appearance of weather is 
determined by the i)Osition of cyclones, though modified by a diurnal variation ; whence 
the conclusion seems to be that the primary character of weather in its broadest sense 
(^Page 141)) is determined by the position of cyclones and anticyclones, while every 
element has a diurnal variation superimposed on the cyclone character. We have seen, 
in discussing pressure variation, that the result of taking the mean value for every hour 
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>f the day is to eliminate the effect of cyclones and leave only the fact and average 
.mount of the dimnal variation. Also that, whether we consider the variation as an 
observed fact or as a harmonic component, we have no clue to its cause other than 
^nsiderations as to the hours of its occurrence may suggest. In the following remarks 
he author doe^ not profess to solve the question of diurnal barometric variations, but 
nerely to show the means by which only, he believes, the solution ever can be worked 
>at ITie method proposed is simply, instead of taking mean values, to take every day 
m its own merits, and to observe what kind of weather is associated with large diurnal 
ind what with small diurnal variations, and how different kinds of weather affect the 
imes of niaxima and minima. For instance, once during the summer of 1877 in 
Ifondoa there were several fine days at the edge of an anticyclone, during which, 
hough one would usually have expected a considerable 4 a.m. minimum the baro- 
;raphic trace showed very slight indications, if any; the author observed that on those 
Domings, there was an unusual amount of wind about 4 a.m., and if this is confirmed by 
uture observation, it would point to the conclusion that wind is not favourable to the 
ormation of the 4 a.h. minimum. Then as to the 10 a.m. maximum, if we look at the 
>ar(^;raphic trace for May 27, 1877, we see that superimposed on the general rise of 
he barometer between 4 a.m. and 11 a.m. there is a very slight depression. The 
.uthor*s observations for the day are not very complete, but a similar dei)ression is very 
ommon, and in many cases he has observed it to be aj^sociated with the temporary 
ormation of heavy clouds about that time of the day. If this also is confirmed by 
uture observation it would point to the conclusion that either overcasting of the sky or 
he formation of cloud interfere with those statical or dynamical conditions which 
roduce the 10 a.m. maximum. Then as to the 4 p.m. minimum, Buchan has con- 
losively shown that at Valencia and over the North Atlantic generally it is smaller in 
umm^r than in winter ; while at Kew and in Continental Europe generally the reverse 
i the case ; and even within so short a distance as 50 miles the author has observed 
bat the kind of weather which would give a large 4 p.m. minimum in London only 
ives a small one at Brighton, clearly pointing to the influence of land or water in the 
roductioQ of this yariation. The author has also pointed out, in a former paper, that 
here are critical periods of the formation or disappearance of cloud or fog superimposed 
n the general cyclone or antic^xlone character of weather corresponding with the hours 
f diurnal barometric maxima and minima, and by combining the above and many 
iher observations of a similar nature it will certainly be possible some day to explain 
Page 150) these diurnal variations. The chief interest of diurnal barometer variation 
es in the difficulty of explaining it, for an inspection of the barograms illustrating this 
aper, and the general argument, will show that it is simply a very secondary 
benomenon superimposed on cyclones, and that even if we were now in possession of 
5 complete explanation we should be no nearer a knowledge of the laws of cyclone 
lotion on which all weather forecasting depends. A similar line of observation will be 
ecessary to discover the cause of the numerous other diurnal variations which are still 
nexplained by meteorologists, and of which any combination of mean values can only 
ive the facts. Passing from unknown to known causes, the method proposed may be 
jm pared to taking the mean temperature of every hour of the day, which we shall 
Dd is represeiited by a single headed curve with a minimum about 4 and a maximum 
bout 2 A.M. and 2 p.m. Then if the recognition of the fact did not suggest the cause, by 
iking many single thermograms and observing that a small diurnal range is produced 
y cloud which at night reduces the cold and by day reduces the sun's rays — also that 
temporary clearing of the sky might make the minimum at almost any hour of the 
Ay — and that these changes are always secondary to tiiose produced by cyclonic 
Iterations in the direction of the wind — we should conclude, even if it were not 
therwise obvious, that terrestrial radiation by night and solar radiation by day, were 
he causes of the diomal range of tem]>erature. 
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III. We now como to tlie third source of failure in the use of averages to make 
meteorology a science, viz., that when applied to values or occurrence of any element, 
phenomena are treated as identical which have really only one common property. Take 
for instance the (xxjurrence of rain. The commonest occurrence of rain in this country 
is in cyclone, accompanied, to a single observer, by a sharp fall of the barometer; but 
heavy rain also often falls in thunderstorms with a characteristic sharp rise of the 
barometer, and also more rarely with a flat barometer associated with secondaries, as 
shown on July 1, 1877 [for LondonJ, where rain began about the end of the small step- 
like fall of the barometer a little before 6 a.m., and continued during the time of steady 
barometer till the second step-like fall about 4 p.m. We slhj then that there are 
certainly three distinct states of atmospheric motion which are associated with rain ; and 
therefore, deductions dra\vn from the mean value of rainfall which masses all these 
sources of rain together, must necessarily fail to be of any scientiGc value. Again, there 
are several sources of cold weather in this country; for it may either come with an 
{Page 151) east wind and a high pressure over Norway ; or with n.w. wind with high 
pressure to the n.w. of Scotland ; or else with the calms and radiation of an anticyclone, 
stretching northwards from France. So if we take the general circulation of the 
atmosphere, as shown by synoptic maps, to be the ultimate cause of weather, we have 
at least three different conditions of such circulation, but with one property in common, 
namely, cold. And if we attempt to generalise on the recurrence of cold merely from 
records of a low thermometer, without reference to the synoptic conditions of its 
occurrence, we are treating as identical phenomena which have really only the one 
common property of cold, and the results can only lead to error and confusion. A 
similar line of argument might be applied to every meteorological element. The 
importance of thus discriminating between different kinds of any phenomenon is most 
seen in discussing questions of cyclical variation and recurrence, as may be seen by 
reference to what has been said relative to the connection between rainfall and sunspots. 
The above method of dealing with questions of rainfall also helps to show very clearly 
where statistics are useful, and yet fail to make a science. If a distinctive name were 
{Page 152) wanted for this method it might be called the "specific'* method, since it 
endeavours to discover causes by dealing with specific instancea rather than by massing 
{Page 154) many results together. Note added June 17. The following are additional 
illustrations of the idea of harmonic analysis. In the first place it should be noted that 
in a harmonic series no combination of terms containing 6 can give rise to terms in- 
volving 2 ©, 3 0, etc., so that if the diurnal variation of the barometer is due to the 
interference of the temperature and pressure of dry and moist air, it could not be 
expressed in a harmonic series. Also that the whole principle of the propagation of 
harmonic components involves the iudeixindencc of the causes represented by ©, 2 ©, etc 
As this view of the subject is little known, the author may perhaps give the following 
extract of a letter from Sir William Thomson to himself, dated May 28, 1878, relative 
to a part of the preceding portion of this paper. ** Take for example the barometric 
variation. This depends entirely on the sun's heat, while the semi-diurnal harmonic 
constituent largely exceeds the diurnal. Now, in the thermometric variation, the 
diumal harmonic constituent greatly exceeds the semi-diurnal. If we could set aside 
the disturbing influence of cyclones we should probably find that the diumal harmonic 
constituent of the barometric variation would be the same as if there were no semi- 
diurnal variation of either the barometer or thermometer, and the diurnal variation w«e 
what it is. So of the semi-diurnal, we should probably see it to depend simply upon the 
semi-diurnal harmonic constituent of the thermometer. This is undoubtedly a key 
towards a physical explanation of the barometric variation. It is probable that there is 
a fundamental mode of simple harmonic vibration of the atmosphere suitable for excita- 
tion of the semi-diurnal harmonic variation of temperature, whose period agrees mndi 
more nearly with twelve hours than with twenty-four hours, the period of a harmonie 
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vibration suitable for excitation by the diurnal simple harmonic constituent of the 
thermometer. The subject is at present quite open for mathematical theory ; but tho 
mathematical investigation, if not helped, will at all events he rendered more fniitful by 
extensive data from observation analysed into the two terms of diurnal and semi-diurnal 
periods, with proper treatment for the variations of the amplitudes and epochs of these 
terms for the season of the year." The whole question, then, of the application of 
harmonic analysis to meteorology turns round how much meteorologists are prepared to 
accept certain dynamical principles connected with vibrations as an explanation of tho 
observed phenomena ; and whether, up to the present time, any trace of such vibrations 
has been discovered. Allusion was made in the discussion on tins paper to a method of 
averaging adopted by the late J. C. Bloxam in reducing his sixteen years' observations 
at Newport. A short account of it in his own words may be acceptable. After 
pointing out the difficulty to be contended with in determining the mean annual daily 
(Page 155) temperature by simply aKcertaining the mean values belonging to a long 
series of years for each day, is the liability in the reducing process to obliterate the 
normal as well as the abnormal irregularities which belong to the secular variation in 
cycles, he goes on to say that his values were reduced by the following method. There 
being sixteen consecutive years to deal with, it is better to combine the whole of these 
t<^ther in mean values ; but if there had been twenty or thirty, or any larger number 
of years, to deal with, it might have been better to dispose of these in successive groups 
of twelve years each, in the same method as that used for the successive days. Tho 
method used is founded on the principle that the mean value of nine or eleven con- 
secutive days gives more accurately the normal value for the central date of the nine or 
eleven, as the case may be, than the identical value which may happen to fall on that date ; 
and so, the value assigned to each day in the year is the mean value of a given number 
of days on each side of its own date. The number of days adopted for the mean is ten, 
this being by far the most convenient number for calculation ; and the whole series of 
365 days are thus made up of decadal means ; the first mean value representing the 
decade 1-10 ; the second 2-11 ; the third 3-12 ; and so on. The date for the first mean 
value is 5^; the second 6i ; and so on. This process having been carried on all 
through the year, the new series of mean decadal daily values thus obtained is in 
turn treated in the same way; and now the dates become whole numbers again. 
This process is reiterated until the resulting values constitute regularly increasing 
and. decreasing quantities, and no longer, except that in consequence of using 
the number 10, it becomes necessary always to have an even number of reductions 
in order to obtain whole numbers for the dates. By proceeding in this way the 
normal irregularities are preserved, whilst the small irregularities which can only 
be accidental are sufficiently obliterated from the thermometric values by repeating tho 
process four times over. The same is the case with the dew point values, but with the 
other particulars a twofold reduction is found to suffice ; but, in order to reduce 
the thermometric values to one line of constant ascent and another of constant descent, 
it was found necessary to repeat the process twenty-two times. It may elicit some 
useful facts to carry the process to this extent, but for general purposes, and more 
especially for the purpose of determining the daily normal value?, it becomes a process 
of derangement rather than of correct arrangement. Kow if we look at any ten days* 
sQCoessive thermograms, it is easy to see what the meaning is of taking the mean 
temperature for each day, and then the mean of the ten days, namely, that a mean 
temperature of say 50° tells very little about the kind of weather, for it may either be 
the result of a maximum and minimum of 65*^ and 35° in fine weather ; or of 65° and 
45** in dull, overcast weather, and that massing all ten days together completely 
destroys thdr individuality ; but it is very difficult to say what the meaning of a mean 
decade of the second order would be ; in fact it is very doubtful whether it has any, 
(Page 156) except an arithmetical signiScancc. The result of the procees is, however, 
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easily traced. As a matter of fact in this country [England] the annual march of tem- 
perature is not a uniformly ascending and descending line, but has interruptioni of cold 
periods, notably about February 10 and May 14, owing to the occurrence about tbe» 
dates of cold anticyclones ; and we see that Mr. Bloxam's test of the utility of his 
process is the disappearance of these important facts. The author finds, for instance^ 
from Mr. Bloxam*s own tables, that tlie mean temperature for Feb. 11, derived from 
the mean average of the sixteen years, is 36*94°, while the value obtained by a fourfold 
decadal reduction is 38*66^, and that obtained by a 22-fold reduction is 39*43°. 
The result therefore of the ]^rocess is to destroy what meaning the original curve 
possessed, and the author believes that a similar result must necessarily attend any 
other application of the method. If the curve of mean daily temperature is plotted, the 
periodical irregularities are detected at a glance, and in every case of cyclical recurrence 
the author believes the graphical to be superior to any arithmetical process. 



Abercromby, Hon. Ralph. Q. Joum, MeUorol. Soe.j iv. p. 198 et seq. Published in 

No. for Oct. (ra.) 

(Page 198.) The method hitherto universally adopted in treating of the diurnal 
variations of the barometer has been to take the mean value of a large number of 
observations at each hour of the day, and to draw deductions from the average amount 
of variation thus determined. The diurnal variation is superimposed on larger fluctua- 
tions, and in order to ascertain the causes of the variations it is desirable to be able to 
measure the actual amount of variation on any particular day. This cannot be dont 
when the non-diurnal fluctuations are curved ; but when the general motion shown by 
the barographic trace seems to be a straight line, the amount of diurnal variation which 
(Page 199) overrides it can be approximately determined in the following way. Find 
the mean pressure for the day ; mark this height on the noon ordinate, then draw a 
straight line through this point in such a way that it intersects the two midnight 
(Page 200) ordinates at the same distance below the trace. The value of the method 
depends on the diurnal variation being the same at the first as at the second midni^t, 
which is not always the case. The diflerence is, however, always smalL (Note, added 
in July.) Karotz suggested a similar method in Q. Jouru. Mcteorol. Soc., III. p. 130, in 
the following words ; If therefore, at one place, hourly observations have been made for 
several years, and if for each month, the mean of the temperature observed at the same 
hour be taken, it is not strictly correct, if we consider these means obtained to be such 
as belong exactly to this day ; but we have in the numbers found, on the one hand, 
quantities belonging to the daily period, and, on the other hand, the variations which 
correspond to the march of temperature from the end of the previous to the beginnins 
of the following day. If we draw the yearly temperature curve from many years' 
observations, the portion which corresi)onds to April is nearly a straight line, therefore 
the temperature rises from one day to the following day about the same quantity. If 
then, according to these observations, the 1st of May was G° warmer than the 31st of 
March, the mean of each day would be about 02" warmer than the previous day ; if we 
distribute this over the hours each would take ^-^ = 0*0083° ; if the hours are 

reckoned from 1 to 24, indifferently as to which hour 1 corresponds, the 24th is, owing 
to this circumstance, 0*19° warmer than that indicated by 1, and in a strict calculation 
of the period regard must be paid to this change in each individual calculation. 
(Page 201.) Kanitz's method is correct where averages are used, which give the level 
of variation ; and in general idea is the same as the method employed in this paper. 
Still the author believes there is a certain amount of novelty in the paper, as it is the 
first attempt that has been made to determine diurnal variation from observations of a 
single day, and to dispense altogether with the use of averages ; and secondly, that 
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there is aome novelty in the method of finding the level of variation. [The method is 
applied by the one aathor to the barometric condition of tie air, and by the other to 
temperature; but its application is more general than thi&. Moreover, the method 
itself might have a more general scope, the principle being the superposition of curves 
of periodicities of all lengths upon straight lines representing the general direction of 
longer fluctuations. In Kamtz's case, the diurnal curve is si:perim{X)sed on the annual 
hue for a mouth; in Abercromby's, the diurnal curve is superimposed on the larger 
variation and mean lines for the day.] 



ArchibalcU E. D. (B. 1.) 

April 23. {Page 3.) The sun^s heat is notoriously the source of all climates, and 
changes in the amount of heat radiated from its surface are now regarded as causing for 
Uie most part the changes in terrestrial weather. The solar spots, according to Schwabe, 
Wolf, De La Ilue, Stewart and Loewy, undergo a complete cycle of variation every ll'll 
years, or according to De La Hue more accurately 11*07 years ; the period of increase 
from minimum to maximum comprising 3*52 years, and of decrease from maximum to 
minimum 7*55 years. Lament gives 10*43 years as the length of the period. As there 
is a close connection between the solar changes and the periods of terrestrial magnetism, 
it has been conjectured that if such magnetic changes are due to corresponding changes 
in terrestrial meteorological currents, some connection might be found to exist between 
the secular variations in sun-spot frequency, and those in the different elements of terrestrial 
meteorology. There is then some ground for believing that a connection exists between 
the eleven-year period of solar maculation and some kind of emission dependent upon 
the particular meteorological or thermal conditions of the sun's surface with its accom- 
panying train of terrestrial meteorological and magnetical effects. It is here assumed 
that the magnetical disturbances follow and are dependent on the meteorological, an 
usumption supported by Balfour Stewart in his address to the British Association in 1875. 
From the earliest times we find a popular tendency to expect the weather to recur in 
cycles of about 10 or 12 years. Sayce, in ' Nature,' No. 310, says the Babylonians used 
cycles of 12 years, during which they expected the same weather to recur, and as their 
years only contained 300 day?, this would correspond to 11*8 of our years. [The 
remainder of the paper deals mainly with solar physics and the probable close connection 
between these, terrestrial magnetism, and terrestrial meteorology.] 



Broun, J. A. {B. 2.) 

{Page 126.) I propose considering some of the questions raised by Faye. Ho 
decides that the moon does not influence weather; but then his conclusion is based 
{Page 127) solely on the weather register kept at one place, Vigevano. Faye decides 
tliat the moon does not reflect heat sufficient to make a change of yo^th of a degree 
Fahr. If then the moon's action does dissipate clouds, it must act otherwise than by 
beat. 



Buchan, A. {B. 3.) 

{Page 506.) To test the value of Meldrum's method of inquiry as to the relation 
of run£Bdl cycles with sun spots, I have treated Wolfs relative numbers of sunspots 
• follows : — 
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* 19-8, iu 5lh col., 2Qd line, is evidently a misprint for 19-3. 

CollinB, J. J. (B. 8.) 

(Page 4.) The weather predictions cabled by the * New York Herald ' to its Loodoii 
office, commenced February 14, 1877, and a large percentage were fulfilled. Except in 
(Page 5) few cases recent works on meteorology are barren of original information. They 
are chiefly made up of quotations from earlier works and the experience of isolated 
observers. We find in America that many branches of trade are seriously affected by 
weather changes, and that timely warnings are calculated to insure against losses that 
would in their absence be sustained. The great-grain producing districts of the Western 
States send their produce to the eastern sea-board. Sudden and severe storms affect the 
conditions of the roads, and thus cause delays, at the same time that the produce is liable 
to damage. Hence both producer and dealer welcome all information as to weather. 
ITio same state of feeling must exist wherever trade flourishes and agriculture repre- 
sents wealth. To the seaman a timely warning is of paramount importance. Timely 
storm-signals are useful to an army on campaign, and the variations in the conditioos 
of the weather must be recognized in all the operations of an army, otherwise grctC 
disasters may overtake it. Many difficulties incidental to warfare would be avoided by 
having a special military service of meteorologists. 

Meldrum, C. (B. 20.) ! 

(Page 448.) From an examination of the rainfall (1872 to 1875) at 144 stations In 
different parts of the world, the conclusion is drawn that there is a rainfall-cycle of the 
same duration as the sunspot-cycle, and nearly coincident with it, both the sun-spots 
and the rainfall attaining a minimum in the eleventh, first, and second years of the 
cycle, and a maximum in the fifth. As Hunter found this to be so, I examined his 
method. A remarkable rainfall-cycle had been previously obtained for Bombay nearly 
coincident with the sun-spot cycle, as also for Anjarakandy, Calcutta, and Nagpur. 
Hunter's method was to commence with 1876, and taking backward as far as ihe 
J22 
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exteDded for periods of eleyen years each, and then finding the mean rainfall for 
ies of years in the common period. My method being different, the results are 
parable. The sun-spot period being one of about eleven years, and the maxi- 
x)ch occurring on an average 3*7 years after the previous maximum, and the 
nimum 7*4 years after the maximum, I found the best way was to start either 
maximum or a minimum year, and then to take the proper number of years 
ind afler the epochal year. Commencing with a maximum year for instance, I 
49) took five years before it and seven years after it. Then, with a view of 
I the effects of the so-called non-periodic variations, I took a mean of the rainfall 
irst and third of the thirteen series, and a mean of that mean and of the rainfall 
second series, and so on. This gave me eleven new means, which I called the 
cycle.** Again, starting with a minimum year, I took eight years before and 
er it, and found eleven other new means in the same way. To each set ot 
or to a combinatiou of them, I then applied interpolation formulae, and found a 
irked coincidence between the sun-spot and rainfall variations. This is illus- 
)y means of the Madras rainfall, which shows a double oscillation during a sun- 
ISO) sjrot period. Dr. Hunter considers that the evidence as regards European 
lerican rainfall is against a periodicity, but it seems to me it indicates a periodi- 
lich closely corresponds with that of sun-spots. Thus the mean for about 
ions in Europe and America are these : — 

fcycles.. 128 45 6 789 10 11 

8 .. .. -31-7 19-5 8-5 +28-8 39-5 29-5 10*4 -4*9 14*8 21-2 19-4 
Variation —1-9 1-43 -09 +-71 '^2 1-26 1-46 -78 — -1 -65 '55 

ig worked at the subject for six years, I have concluded that the whole evidence 
actory as to the existence of a connection between sun-spots and terrestrial 
sm. 

Meldroxn, O. (Aaturv, xvilL) 

! 561.) [He gives tables of sun-spots from Wolfs relative numbers, having the 
im years in the sixth line, and the minimum years in the eighth line. The first 
kme as that given by Buchan, with the following differences : — 

3rd column 6th line 67*2 

,. 8th „ 59-4 

5th „ 2nd „ 19-8 

3Iean cycle column 5th line 91*9 

ids a variation column as follows : — ] 

1 - 33-9 

2 - 23-4 

3 0-0 

4 + 28-2 

5 + 43-1 

6 + 34-2 

7 + 16-8 
8+0-2 
9 - 14-2 

10 — 24-2 

11 - 26-3 

second table gives the sun-spot numbers from 1816 to 1872, arranged so that the 
im yean are in the eighth line. 
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Meyer, A. G. {B, 31.) 

(Page 621-625.) [Gives description of the weatber-case, directions for reading it, ind 

its uses.] 

Keumayer, G. {B. 32.) 

(Page 313.) The people generally take little interest in meteorology. The greaieil 
progretts has been made by the United States ; next come England, HoIUnd, Fruioe, 
and Denmark. The German Seewarte does its share in the international work. 

Preston, Bev. T. A. Q. Joum, Meteorol. Soc. No. for Jan. (ra,) 

(Page 55.) From the first table [which gives the dates of flowering of many pliDii 
at nimierous localities in England] may be gathered the difference of climate between 
two stations. [The immediate context shows that climate here means temperature, 
and to a certain extent moisture.] 

Nature. (Vol. x?ii.) 

(Page 211.) Faye, in the 'Annuaire du Bureau des Longitudes,' denies that any 
connection exists between either sun-spots, magnetic disturbances, or the motions of the 
moon, and variations of the weather. 

Nature. (Vol. xviii.) 

(Page 63.) Much diversity of opinion exists regarding the climatic effect of the Sim 
(Page 83) upon the earth at the present time. — (Meteor. Soc, April 17.) Hon. B. 
Abercromby. The meaning of the harmonic analysis is shown in reference to avenge 
barometric pressure b}' tracing the geometrical and physical significance of every step 
from the barogram till the tabulated results are combined in a harmonic series. 
Whether we regard this scries as an algebraic embodiment of a fact, or as a series of 
harmonic components, it is simply a method of averages, and our estimates of its value 
must depend upon the use of averages at all in meteorology. The failure of averages 
to make meteorology an exact science is traced to three causes : — 1. That the process of 
(Page 84) averaging eliminates the variable effects of cyclones and anti-cyclones, OQ 
which all weather from day to day depends, and on this are based some general remarks 
on the use of synoptic charts, not only in ex])laining and forecasting weather, but al» 
in attacking such problems as the influence of changes of the distribution of land and 
water on climates, and the cyclic recurrence of rain or cold. 2. That deductions from 
averages only give the facts, not the causes, of any periodic phenomena. The positioa 
of diurnal and other periodic variations in the general scheme of meteorology is then 
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nnted out, and it is shown that their causes can only he discovered hy careful study 
' meteorograms from day to day. 3. That in taking averages, phenomena are often 
«.ssed as identical which hare not [=hut] one common property. For instance, rain in 
lis country is associated with at least three different conditions of atmospheric dis- 
irbance, and it is necessary to discriminate hetween these kinds hefore meteorology 
Page 430) can be an exact science. During the eclipse of 1878 the corona was much 
^o^e 431) less brilliant than usual. Associated with this are a small number of spots 
id a famine period. In 1871 there were many spots and a heavy rainfall, which were 
Page 600) associated with a large corona. In all earthquake countries it is believed 
le weather is affected by such phenomena. Observations should be recorded showing 
Page 619) the influence of earthquakes upon the weather. Mr. F. Chambers believes 
i probable that all abnormal meteorological variations are due to causes similar to, if 
ot identical with, those which produce the normal variations. Indeed, says Chambers, 
Page 620) the inference that most of the unusual variations of weather in tropical 
iimates are induced by corresponding variations in the absolute heating power of the 
GQ in the same manner that the seasonal variations are induced by those changes of 
teating power which depend on the relative motions of that body seems almost irre- 
istible. If, then, the absolute variations of the sun*s heat are fitful in their occurrence, 
ud do not obey periodical laws, it will, perhaps, never be possible to predict by more 
ban a few days in advance the unseasonal variations of weather induced by them ; 
Me if such laws can only be discovered, the possibility of our being able to predict 
iM;ir consequences is equally certain. 

Kature. (B. 43.) 
(Page 178.) Ley. The form and movements of the clouds are intimately connected 
iriih the relation of wind and weather to the distribution of barometric pressures. 
Changes in the clouds indicate to us alterations of wind and weather. From the use of 
ireatber maps a new science of the winds has originated, on which all attempts at 
weatber forecast must be based. 

1879. 

Archibald, E. D. (B. 1.) 

{Page 62G.) Professor Piazzi Smyth evidently infers ('Nature,' xx. page 431) that 
changes in the condition of the sun must needs affect every part of the earth in the same 
vay, whereas we have many meteorological analogies which favour the i^otion that 
totally opposite effects may arise in different parts of the earth from the action of the 
ame primary cause. For example, it is generally assumed that the same tropical heat 
vhich gives the primary impulse to the desiccating N.-E. trade wind of subtropical 
Utitndes furnishes the energy which exhibits itself in the almost constant precipitation 
Qoder the equator. Any variation in the degree of this heat should consequently affect 
localities situated in the region of the trades and the equatorial calm belt in a diametrically 
opposite manner. Moreover, the notion that the British and Indian rainfalls vary 
together now is altogether inconsistent with the well-known want of similarity between 
them, both as regards seasonal distribution and annual quantity, in the past. Induction 
ihoM be made from results which are derived from trustworthy data, and anticipated 
)J a knowledge of admitted physical principles. As an example of the latter I would 
Page 627) mention the secular period traced by S. A. Hill in the barometrical pressure 
f dilcutta. So far as we have gone in India we find years of few sun spots characterized 
Y higher temperatures, greater wind velocity, and greater range of barometric pressure 
um those of many spots. 

'aker, H. B. In Annual Report of the Michigan State Board of Health for the year 1878. 

8vo. Lansing. 1879. (ra.) 

(Page 21S.) Meteorological conditions are known to have great influence on the health 
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of the people ; and certain groups of such conditions are known to be coincident with, 
and are believed to cause, directly or indirectly, a very great many deaths during each 
year ; such, for instance, as a large proportion of the deaths from diseases of the bowels 
in summer ; and of deaths from croup, bronchitis, inflammation of the lungs, etCi, in 
winter. Any study of the causes of disease with a view to their prevention mutt 
therefore include comparisons of their rates with statements of the meteorological con- 
ditions existing at the same time, or immediately preceding. Such comparisons can be 
made by years, by seasons, and by months, and will be facilitated by noting those 
years, seasons, or months, which are exceptional in any of the meteorological con- 
ditions observed, and ascertaining whether there were any exceptional facts concerning 
any disease which appear to correspond therewith ; and if so, whether comparisons for 
series of years, seasons, or months, show such correspondence to be constant. Conversely 
exceptional times of disease supply i:)eculiarly favourable opportunities for studying 
meteorological conditions which may influence the disease. In considering the qnestioD 
to what extent they are only incidental, all other conditions which can have iofluenee 
in causing or modifying the disease must be kept in mind, or be separately considered. 
In order to eliminate the evidences of unknown or unconsidered influences, and of those 
which are only indirect or incidental, comparison must be made by different periods of 
time ; as for instance, if a given disease is found to prevail most in years when certain 
(Page 214) meteorological conditions prevail, it is needful to learn whether it also prevails 
most in months when the same meteorological conditions prevail ; because the disease 
might be caused by something coincident with such conditions, and which only oocnr 
once in a year, and can therefore be coincident only by years. Conversely it is useful 
to compare by years where a disease has been found coincident with ccrtun meteoro- 
logical conditions by months. Because of the interdependence of the several meteoro- 
logical conditions it is usually the fact that when certain meteorological conditions are 
found to bear a more or less constant relation to a given disease, certain other meteoro- 
logical conditions are found also to have nearly or quite as constant a relation, so that 
the cause of the disease is not certainly reached by means of this knowledge alone. 
Technical knowledge is requisite to appreciate the bearing of the evidence. There is 
much, however, that may be done in advancing this study bj'' the meteorologist or 
physicist alone ; because it not un frequently happens that the usual harmony in the 
meteorological conditions is not maintained, some one or more being exceptionally pro- 
minent or absent as the case may be. 

Burgess, A. H. (B, 7.) 

(Page 313.) Suggests the establishment of a meteorological buoy in the track of 
storms at a distance from exposed coasts, and connected with them by telegraph wires^ 
which will record the readings of the barometer and wind gauge. One might be 
(Page 314) placed 80 miles or so from Valenita. If found successful other readings 
could be taken, and other floating observatories established at certain distances apart 
This would give warnings of storms which would be almost sure to visit the coast. 

Griffith, Rev. C. H. Q. Journ, Meteorol Soc., V. Xo. for Jan. 

(Page 62.) I am convinced that all insects might with advantage be observed as 
weather indicators. The geometrical spiders are gifted with a remarkable perception of 
probable future conditions of the atmosphere, indeed M. Q. D* Tijonval has suggested 
that they are so accurate as %veather guides as to be as good as barometers. ^There is 
no doubt but that the spiders, as well as the insects, give so good a general idea of the 
increase of temperature of spring that their reappearance is at all times worthy of 
observation. There is no doubt that the whole class is very susceptible of the return 
of genial weather ; as Spallanzani has observed, their restlessness after so long an ahsenoo 
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from food, and their irritability due to their desire to lay eggs or prOpagato their kind, 
induces them to emerge from their hiding-places, at even a considerably lower tempe- 
rature than that at which they hybemated in the previous autumn, thus becoming good 
{Page 63) indicators of alterations of the changes of the seasons. At the same time I 
do not attach much importance to the appearances of Trichocera hiemalis, as they may 
be observed all the year through, even in the depth of winter if the air be at all dry or 
quiet 

Ley, Eev. W. C. Clouds and Weather Signs, pp. 102-13-3. (B. 34). (rr.) 

{Page 103) Aratus and Virgil would find themselves almost on a bivel with sopic 
meteorologists of the present day upon the subject of weather signs derived from cloud 
[Page 110) observations. The most valuable of weather signs are obtained not so much 
[Page 111) from the shape of the clouds as from the direction from which the clouds of 
hS&ent levels are observed to travel, and it is these weather signs which, in the 
[vesent state of our knowledge, can be most readily reduced to definite rules. From 
Lhe use of synchronous weather maps there has sprung up in recent years a new science 
)f the winds. With the principles of this science all the more reliable rules of weather 
brecasting are most intimately connected. In judging of coming weather we invariabl}' 
?efer to rules already deduced from the long study of weather maps. The man who 
^nores these rules had better, in my opinion, leave all attempts at weather forecasting 
[Page 114) alone. The old observers were quite right in telling us that we know 
k great deal about conung weather fronj the appearances and forms of the clouds. 
rhey comparatively neglected the prognostics to be obtained from the movements of 
those bodies. We must give our attention both to form and movement, but more 
[Page 122) especially to the latter. The motions of cirrus clouds round depressions 
[Page 123) are of great importance in making forecasts of the weather, and in judging 
Df the probabilities of storms. 

iff^TiTij R. J. The Physical Proptrtit^ of the Atmosphere. In Modern Meteordogij, p. 1-28. 

(B. 34.) (n?.) 

{Page 1.) The word Meteorolojry is from the Greek term fifr/wpoy, which signified 
elevated or soaring. The name has not been adopted because meteorologists at one time 
bosied themselves with ol)serving falling stars. The word was used by Aristotle in very 
much the same sense as that in which it is now applied. In a treatise which he composed 
under the title MerccdpoXoyiicci, he dealt with all that was at that time known concerning 
water, air, and earthquakes. At the present time the object of meteorology is properly 
the scientific study of atmospheric phenomena and the investigation of weather and 
{Page 2) climate. The base of the science is therefore an exact acquaintance with the 
physical properties of the atmosphere. 

Mari^Davy, H. (B. 35.) 
[Describes the instruments at Montsouris.] 

Marriott, Wm. {B, 36.) {ra.) 
[Xothing for general notes.] 

Meldnuxiy C. {Nature, xxi.) ' 
{Page 167.) At any given place there are exceptions to every meteorological cycle. 
[Examples are given from temperature and barometric pressure.] 

Moseley, H. K". {B, 57.) 

[Nothing for general notes.] 

P. (B.60.) 
mus is a mxsptmt in * The Scientific Boll.' It should be B.] 
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R. (5. CO.) 

(l^age 363.) Suggests tlmt as carrier ]>igeon8 can fly 270 miles in less tli«n sixhonn, 
tliey could be utilized for weather warnings by being desiMitcbed from outward-boaod 
ships with weather news out at sen. 

8cotty R. H. The Nature, 31ethod8, and General Objects of Meieordogy. pp. 166-186. 

(B. 84.) (rr.) • 

{Page 166.) Meteorology is the science of the atmosphere, of ra ft€Tf<»pa — the tbingp 
(Page 167) above the earth— as Aristotle has it. It has even yet hardly made good iti 
titliB to a place among the exact sciences. The reason of this is easily explained. 
Firstly, we live at the bottom of the atmospheric ocean, and of this the upper layen 
are all but inaccessible to us, so what half-knowledge we can gain of their condition 
is mostly derived from conjecture. AVe know really nothing of any phenomenon 
occurring above the level of the stratum which we inhabit Secondly, the observatioDB 
wc make of the physical state of the air are affected to such a desree by> local accidents, 
such as the elevation, contour, and slope of the ground, nay, even by the very character 
of the soil, that w^e meet with material variations of meteorological circumstances, even 
within the limits of a single county. In meteorology phenomena are not the same 
(Page 168) at two different points of observation. The temperature of the air and 
the motion of the wind in the street outside [Great George Street] differ appreciably 
from what is being experienced in the middle of Hyde Park, and a fortiori, from what 
is felt outside the city, as at Kew or Greenwich. Hence we see the necessity for 
covering the country with a network of independent meteorological stations for climato- 
logical purposes, as the observer at each place cannot do more than record the phenomena 
exhibited by the actual particles of the atmosphere which come in contact with his 
instruments. If we seek to investigate the climate of a thinly-peopled region, like one 
of our Australian colonies, we are thankful if we secure stations even 250 miles a^iart ; 
but when we come to the consideration of our own climate at homo wc find that a 
distance of 50 miles is still too great to ensure that no special peculiarities shall escape 
(Page 169) our notice. In all this multiplication of stations we must not hold that 
quantity will in any way replace quality. The results from one bad station will often 
throw doubt en the figures of most conscientious observers. In more than one instance 
of recent times it has come out that results obtained by laborious calculations have been 
proved to be almost worthless, owing to the disregard in former times of obvious precautions 
to ensure accuracy in the observations and their registration. Grood observers are required 
as well as good instruments, and good substitutes during the absences of the usual observers. 
(Page 178.) There arc few recognized observatories of which the registers of uniformly 
higli character go back for fifty years. The accurate records at each spot simply cor- 
respond with the period of office at the place of individual observers. AVhen each died 
or left the place the chain was broken. If we find difficulty in securing accurate 
information for the climate of our highly civilised Europe, what are we to say about 
our knowledge of the climates of the other continents ? This is scanty enough if we 
look for data of high scientific value. On a recent occasion our Secretary, Mr. Symons, 
published a valuable summary of the existing statistics of the climate of our colonies, 
but full as were the details in that paper, it showed us how much we have yet to learn 
before we can pretend to have gained a really comprehensive insight into the mete(xo- 
logical condition of the globe. The earliest systematic effort to obtain this information 
was the scheme oiganised in this country by the Committee of Physics and Meteorology 
of the Royal Society in 1840, and managed by Sir E. Sabine. A similar system was 
(Page 171) conducted in Russia under Kupffer. The results obtained at these colonial 
observatories have, in the few instances in which they have been discussed, thrown a 
flood of light on the condition of the atmosphere in widely different parts of the globe. 
It is a great pity that this system has not been continued. Of the four of our colonial 
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)b6erTatories only two, Cape Town and Toronto, snnrive. The KuaiiaDs, however, have 
It all events maintained their stations. We are therefore compelled to admit that any 
accurate knowledge we possess of the meteorology of the globe is in a great measure 
derived from observations taken over a comparatively limited portion of the northern 
hemisphere. Still there is abundance of material in existence for any one who wishes 
{Pagt 172) to discuss it. Information from sea stations is wanted, but ships are seldom 
at rest Hence we see the comparative fruitlessness of the attempts to deduce means 
of any value from the log of a single ship, no two observations having been made under 
exactly the same dicumstanoes, except when she was at anchor. What we have to do 
is to take a definite area, say a one-degree square, in any part of the sea, and deal w)th 
all the ships which pass through it. Suppose that these ships have similar instruments 
aod equally qualified observers, we are met at once by this difficulty. Suppose that 
this aquare really had seven days of easterly wind in each of two months, and that 
oolj one ship passed through in each of two months. A, bound to the eastward, 
would probably record twenty observations of the east wind as she would be beating 
against it, and detained in the square ; while B, bound westwards, would fly through 
the square, and probably only put down the east wind twice. What is the tnie record 
i)f the wind for either month ? C, again, may have been becalmed in the square for 
jueedays in an anticyclone, with his barometer ranging above 30*5 inches, while D, 
[Page 173) on another occasion may have been hove to in a winter gale with his 
aarumeter below 29 inches. In every one of these cases the local conditions will afiect 
:he observations taken, and any means obtained in their discussion. The problem is a 
»Qgh one to solve, but we think that we have partially solved it for some small areas. 
Fhe complication is even worse than I have described when we wish to deal witli th«* 
dimate of the sea at large, for we find that information cannot be got from unfrequent* d 
parts of the sea, unless ships are sent on purpose to get it. We see that in dealinp; 
vith ocean meteorology it is nearly hopeless to look for a complete representation o( 
the geographical distribution of meteorological conditions, and that no matter how care- 
folly we collect and discuss our information, a large part of the isobars and isotherms 
which have been drawn over the sea are mere approximations. Still when we look at 
the great amount of meteorological knowledge which has been deduced from the logs of 
m marioe observers, we take courage and feel that, although it may be long before 
ibaolote truth is obtained, we are yet bringing out valuable approximations for the uro 
[Page 174) of the navigator, as well as for the physical geographer. There is another 
iinection in which the subject of observing stations may be prosecuted, and of which 
^le importance cannot be overrated, that is, the study of the weather. We may almost 
iaj that this is a new science, rendered possible by the facilities of communication 
tforded by the electric telegraph. This branch of inquiry demands heavy expenditme 
od a great amount of discipline and organisation, so that it cannot be prosecuted by 
idiridual observers, or at isolated stations. There is one broad feature of distinction 
etween climatology and weather study as regards the collection of observations. In 
le former case we seek above all things for continuous records from the same spot. 
1 the latter geogmphical position and freedom from conditions wliich will affect the 
laracter of the observations, especially of wind, are of paramount importance. If an 
tportunity occurs of obtaining a report from a new station which will give us earlier 
^age 175) and surer intimation of coming changes of weather, we reject those from 
e most ably served observatory in the district. As regards synoptic work on a largo 
lie, the importance of which to the meteorology of the future is being daily more nud 
ire acknowledged, it is evident that the records of the oldest established station are 
oo higher value than those of a ship on her rapid passage over the ocean. Here we 
diy ask for more records, not from civilised countries, but from the unsurveyed 
•Id of Africa, Central Asia, Australia, South America, and our own North- West 
lerican territories. Heteorological processes go on whether men be present to register 
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them or not, and could we get it, a knowledge of what is going on at present over at 
least the whole not them hemisphere would be necessary for the complete elucidation of 
the agencies which produce our weather. We do not want more synoptic stations 
in these islands, for we have far too many already. At the present moment one good 
(P(xge 176) station on Spitzl:)ergen or Jan Maycn would be worth ten in W. Europe. It 
is to be regretted that Wilczek and Weyprecht's far-seeing scheme of girdling tbe 
North Pole with a belt of observing stations, does not exhibit many symptoms of 
vitality. The methods of meteorological science are not by any means satisfactorily 
settled as yet. Some meteorologists decry all attempts of International Congressei to 
introduce uniformity of procedure and publication, while others insist upon onifonnity 
to the regulations enforced in their own special organisation. The fact is great differ- 
(Page 177) ence of opinion and practice exist. The Russians call for siphon tubes ; ve 
prefer Fortin's or Kew pattern barometers. For thermometric exposure the battle of 
tbe screens is raging with its full fury. Minute accuracy in results is impossible witli 
such wide difference of procedure. As regards methods, we are still in want of so^r 
{Page 178) gestions from experienced physicists. As regards hours of observation we 
are no nearer uniformity than our fathers were a generation ago. The ultimate \»a 
{Page 184) of meteorolojiy are twofold. Firstly, there is the strictly scientifio 
{Page 185) use ; and, secondly, its immeiliately practical use in the foretelling of weather. 
In marine meteoroloj];y we search for true mean values to indicate where a seaman msy 
find a fair wind and a favourable current. There is not a profession, not a handicraft, not 
a process in animal or vegetable life, which is not influenced by meteorological changei^ 
and there is not a human being to whom a knowledge of coming weather would not be 
of value. Had we a quarter of a century ago known the rigour of the Crimean climate, 
who would have dared to have sent out an army unprepared to meet the hardships of a 
Black Sea winter? Ask the physician at what price he would value the power of 
giving timely warning of a ** cold snap *' to his patients. Ask the builders of London 
what they have lost in the last ten years by sudden frosts or unexpected downpours of 
rain. Above all things go to the farmer, and ask what he would freely pay to know at 
seed time what weather he might really exi)ect iu harvest. The roll is endless-* 
knowledge of meteorology is of the very first importance in every stage of human life, 
•civilised or uncivilised. 

Strachan, Bichard. (B. 3^.) 

{Page 73.) Readings of the Torricellian column [practically a barometer] were tata 
daily by Pascal at Paris, by Perrier at Clermont, by Chanut and Descartes at Stockholm, 
during the years 1649-50 at the same time, in order to see if anything could be die- 
covered by confronting them with one another. Pascal was thus the pioneer if 
{Page 78) synchronous observations. If it be admitted that every wind has 
weather ; then, to observe the direction and force of the wind is the first step to o 
{Page 79) the weather. The practice has been to relate changes of wind and w 
to the state of the barometer; and innumerable rules have been propounded toe 
every-one to become weathcrwisc by the aid of the barometer. Torricelli began tbea^. 
Pascal and Perrier added to them, Halley, Patrick, and Saul extended them. Somr*-: 
thing to do in this line was left to Dalton, Jenyns and Glaisher. I have not found ^ 
single rule among them. By rule I mean a mode of arriving »t certain results fraM^ 
determinate conditions. They are all mere connotations of the weather with tbdl 
heights and movements of the barometric column. When the behaviour of barome 
in different regions and countries came to be known, these connotations were thrown i 
{Page 80) a little confusion. The latest connotators introduced some reason 
especially Glaisher. He says : " It is the changes which constitute the borome 




an indicator of approaching weather." Galton's charts, in his * Meteorographic^j 
{Page 85) (1863\ were the earliest of weather-maps, and to him also we are in'ebW^i 
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lain features of oar daily weather-charts, lithographed as we get them by post, 
>) In 1839 Maury wrote that one of the great practical questions of the age 
lily system of weather reports between Europe and America. AVe have not 
shed this yet. The warnings sent by the * New York Herald ' are possibly 
i information derived from ships arriving at New York, which enables it to 
1 the approach of storms before they have reached the coast of W. Europe. 
d) The law of pressure in relation to wind affords no means of foretelling 
by itself. Fixing attention on areas of pressure, either high or low, merely : 
her changes which attend them are only to be forecast by such data as their 
id gradient always, and either (J ) rate and direction of progress ; (2) rate of 
if the wind ; or (3) rate of barometric change. ITie latter two may be either 
lace or for several distant places. The problem has thus a variety of phases ; 
irally it may be stated thus. Given the barometric pressure, wind and 
at a place or region, at a definite instant, to estimate the change during a 
lO) succeeding interval, as a day or two days. Either the translation of the 
reering of the wind, or the change of pressure, must be assumed or known for 
val, and all the rest results as a matter of course. Barometrical observations 
me to afford the most precise data for investigating the sunspot cycle as 
d with the weather. There are no a priori reasons known to me for sup- 
hat theory, and I consider the whole thing as a wild-goose chase. If it should 
d that the sunspot maximum coincides with a barometric minimum, and the 
minimum with a barometric maximum in India, there must be a region or 
)1) regions where the law is the reverse ; otherwise we should have to account 
)straction from our atmosphere in some years, and an accession to it in others, 
lion of m^'self and most other meteorologists is that statistical results tend to 
it there is a correlation between the meteorological elements considered either 
ally or statistically, that is to say, both in relation to geographical distribU- 
well as regard to a single station, and therefore it follows that the key to 
in is a foreknowledge of some one of them. 

BymoiiB, G. J. (2?. 34.) 
150.) In constructing a table of rainfall, there are two evils between which 
necessary to choose. The longer the period of observation, the more trust- 
s the mean deduced from it, but if one is only to work up long registers, there 
)1) will be large tracts of country without any. If one works with short 
, the means are liable to be in error through exceptional seasons not Ixiing 
'ly neutralised. I have adopted two ways of surmounting these difficulties. 
y taking first only the long registers, determining their true means, and the 
lich the fall in each year bears to the mean of the long period, llien by 
; these ratios to the observations which were made for only a few years, one 
k very close approach to the true mean for those stations. Another plan is to 
eral long registers, and to hunt through them for a short group of years, of 
le average is nearly the same as the average of a long period. The great need 
55) of rainfall work, as of every other branch of meteorology, is neither more 
ions nor more money (though neither of these is to be despised), but more 
Qore hard workers, more deep thinkers. 

Williams, W. M. (B. 74.) 

nggests that systematic observations be made on the variations of the Gulf 
with a view to obtaining forecasts of the coming season in W. Europe.] 

K'ature. {B. 80.) 
514.) Dr. Gustav Hellmann reports on the meteorological organizations in the 
ntrics of Europe in the * Journal of the Royal Statistical Bureau of Prussia ' for 
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1878. He describes the systems in France, Great Britain, Belgium, and HoUind. 
Diverse hours of observation are still practised. 

Nature. {B. 81.) 

( Page 381.) The monthly * International Weather Chart of the Northern Hemi^ihere,' 
based on simultaneous observations, marks an important step in meteorological prognn. 
It originates from the proposal at the Vienna Congress of 1873, that synoptic chartB be 
formed, based on reports from Algiers, Austria, Amsterdam, Belgium, Great Britiio, 
China, Central America, Denmark, France, Germany, Greece, Ghreenland, India, Italj, 
Ireland, Japan, Mexico, Morocco, the Netherlands, Norway, Portugal, Russia, Sptii^ 
Sweden, Switzerland, Turin, British North America, the United States, the Azorei, tie 
Sandwich Islands, Malta, Mauritius, the West Indies, South Africa, and South Ameria. 
On July 1st, 1875, the daily issue of a printed bulletin exhibiting these interoatknil 
simultaneous reports was commenced at the Signal Office of the United States, and hn 
since been maintained. It combines for the first time the work of nations for mutul 
benefit. A ship at sea becomes one of the best of stations for a simultaneous system. 
The value of the record is enhanced by the change in the ship's location every twenty- 
four hours. Every ship ought to carry meteorological instruments, both for its own siks 
and for that of others. The duty of observing requires but little effort. One hundnd 
observations are made daily at sea. The average number of daily simnltaneoai 
observations now made in foreign countries [the remarks are from the United Statei 
Signal Office report] is 293. The total number of stations on land and on vessels at sei^ 
from which reports are entered in the bulletins regularly, is 557. On July Ist^ 1874 
the issue was commenced of a daily international weather map. The charting embrMtf ; 
the whole northern hemisphere. The questions as to the translation of storms fiom ; 
{Page 383) continent to continent and of the times and directions they may take in 
such movements ; the movements of areas of high and low barometer ; the oonditions of 
temi^erature, pressure, and wind direction existing around the earth at a fixed period of i 
time, |)ermitting thus the effects of day and night to be contrasted ; the distribution tnl 
amount of rainfall and other studies, many and valuable, only suggested by thiii 
enumeration, may be by such studies settled. This simultaneous system enables stodici 
by normals to be made. The inter-comparison of these normals with the normals 
taken at other places simultaneously with the first, and under the similar condition thit 
the normals to be found for those places are from observations taken at those places at a 
fixed time and on every day, gives results reliable and different from those to be had bf 
the use of normal readings arrived at in any other way. Normals for the year, for i3m\ 
season, and for the month may be determined by such procedure. The comparison of 
such normals will show, in the case of abnormal changes in any district or section for any 
season, whether and how they are compensated by compensating variations elsewhere. 
There are interesting studies as to what sequences there may be to follow sndi 
atmospheric variations occurring over any region or country — either in that region or 
country or elsewhere — and how and where the com j)cnsa ting variations occur, and witfc 
what concomitants or sequences of meteoric changes. 

K'ature. (B. 82.) 

(Vol. xix. Page 232.) Professor Forster gave in on Dec. 22 a report on wcmtber*! 
warnings to the Bern Economical Society. He sketched the developments of tbcM^ 
warnings in Europe and pointed out the importance of the Service AgricoU^ established « 
between France and Austria, by which daily telegrams are sent advertising the comii^ 3 
weather: 85 i)er cent, of these prognostications have been perfectly true, 7 per oeDL.'^ 
approximately true, and only 8 per cent, untrue. The first steps for the establishmeriri 
{Pa^e 236) of such a service has been made in Switzerland. Biot said, ** It is id tktl 
high regions of the air that meteors are formed, rain, snow, and hail. There tlh*^ 
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thnnder rolls and the lightning traces its furrows. There arc the iii)per currents which 
chariot the clouds. It is to these elevated regions that the inquiries of meteorological 
science ought to he directed. It has heen recently discovered in France, by observations 
at Montj«oiiris, that dust of various kinds is at most seasons of the year floating in the 
mtntosphere, consisting of spbeniies so minute as to be discernible only by the microscope 
or by chemical tests; and that which so floats is not always the same in the higher as 
in the lower regions of the air." The bearin.i;s of this new information on epidemics 
aSecUng both animal and vegetable life is awakening much attention among continental 
physicists. High stations will furnish early intimation of changes in the weather. 
(^Page 293.) In the article Atmosphere (* Encyclopajdia Britannica') it has been justly 
lemarked that one of the most important steps that could be taken towards the develop- 
ment of the science of meteorology would Ixi an extensive series of observations from such 
coontries as India, which offers splendid contrasts of climate at all seasons, lias a surface 
cohered ai one place with the richest vegetation, and at others with vast stretches of 
Mody deserts, and presents extensive plateaux and sharp ascending X)eaks, all which 
ODoditions are indispensable for the solution of atmospheric physics. In working 
out this problem it is necessary, owing to its extreme complexity and difficulty, to 
gite attention not merely to questions immediately bearing on the physics of the 
ttmosphere, but to climatic and other practical inquiries which may be handled with 
eompmtive ease, and which afford results that contribute indirectly, but very mate- 
liiUy, to the solution of the higlier problem. The mean monthly prcseure for each hour 
4f obaervation is an essential requisite for the presentation of the datii required in 
diseoning various of the more imjwrtant problems of international meteorology. The 
tiUes given by" H. F. Blanford in * Keport on the Meteorology of India in 1870,* are 
entirely suited for the discussion of climatic questions of an international character, with 
the ezoeptioQ perhaps of the lumping of the wind observations into the monthly mean. 
{Page 329.) Professor Asa Gray (Amer. Journ. Sci.) takes it for granted that the 
iidigeiious plants of any country, particularly the trees, have lx»cn selected by climate. 
[Here and in the subsequent part of the article climate means temperature.] 
{Page 446.) A system of weather-warnin;]:s has been established in Switzerland. 
{Page 447.) The prognostics are correct in 8 cases out of 10. 

(Vol n^. Page 100.) (U. S. Nat. Acad., April 1879.) J. AVcir Mitchell. *The 

rtlatjon of Neuralgic Pains to Storms and the Earth's Magnetism.* (Meteorol. Soc. 

* {Page 282.) June 18.) 'Report on the International Congress held at Rome, April 

■ (/*ay«434.) 1879.' By R. H. Scott. The Collcgio Romano lias issued, in a volume of 

282 pp. (Rome, 1879), a French nccount of the Re^wrts, &c., of the Congress at Rome. 

1880. 

G-rifflth, Bev. C. H. Q. Journ. Meteorol. Soc., VI. No. for Jan. 

{P(ige 21.) AVith a difference of more than three months in the recorded first 
appearance [of insects in s.w. England], but little can be gained in reference to the 
elucidation of fiicts in climatology. This difference may be due to want of an 
{Page 22) adequately systematic observation. The dates of none of the si)ecies are 
sufficiently well marked to hazard any remarks in consequence on climate; local 
iafluenoes are of course great, but I think they ought not to differ so much as they do. 

I«ey, Rev. W. Clement. {B. 9.) (rr. , 

{Page 1.) The aids are intended for the use of observers in the British Isles [but 
many are applicable to other areas ; and it is on account of the general principles 
{Page 6) involved that the remarks arc here given]. Many of the weather signs relied 
ou by sbephenls and others whose occui>atiuns oblige them to he out of doors in all 
veathers, are extremely local, and the si)ecially weather-wise men who rightly interpret 
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them in their own district would be quite at a loss if taken out of it and asked to form 
a judgment of coming weather in a diflfcrent part of the country from the loci 
signs known there. Hence it is advised that all rules be mistrusted, and that inferences 
{Page 7) be deduced from well authenticated local signs. It is commonly said that a 
rosy sky at sunset presages fine weather, a red sky at sunrise bad, and a grey sky 
fine weather. This generalisation will be fallacious if applied as a rule, and inferences 
{Page 10) are not drawn as to the distribution of aqueous vapour in the air. The 
connection between barometric readings and the condition of the weather is not of a 
simple character. The several relations which constitute it must be patiently studied 
{Page 16) if wo are to employ our knowledge usefully. Do the laws by which 
barometric fluctuations are governed fall under our cognisance ? Are we acquainted 
with the special forms and contours of the variable areas of high and low pressure? 
Is their movement over the surface of the globe determined by conditions which we 
know ? And, again, are tliey characterised by particular and definite states of weather 
in relation to temperature, state of sky, appearance of cloud, amount of rainfall and 
the like ? It is obvious that on the answer to be given to these questions depends 
{Page 17) the whole status of our weather knowledge. If that answer were a simple 
negative this knowledge would scarcely be above the level of an instinct ; in the place 
of rules we could have nothing but cooflicting experiences. U, on the contrary, the 
laws of the atmospheric changes lay completely within the circle of our knowledge, 
weather wisdom might at once claim its place among the exact sciences ; and it would 
be possible to establish fixed and definite rules, by the aid of which the observer coaM 
foretell coming weather with absolute certainty. If, however, as is the case, the truth 
lies between these extremes, if some of the conditions can be traced, whilst others are 
unknown, then weather wisdom is neither mere instinct nor an exact science, but a 
scientific art, containing both possibilities of instruction and eKments of progress, and 
it becomes advisable to tread as carefully as possible through the border between know- 
ledge and ignorance. Particular forms of cyclonic and an ti -cyclonic areas are attended 
{Page 26) by their concomitant conditions of weather. The occurrence of secondaiy 
[barometric] disturbances is not unfrequently a cause of embarrassment to the observer 
who attempts to forecast wind and weather from local observations oniy. HoweTor, 
the weather which accompanies these phenomena has a somewhat distinct character of 
{Page 30) its own. There are a great many modifications of weather which depend od 
conditions either unknown or not as yet reducible to definite law or fixed classification. 
In a general way foul weather characterises the cyclonic and fair weather the anti- 
cyclonic systems, which corresponds to the old rule that the barometer falls before 
rain or storm, and rises before fine or calm weather. In the front of a large depression, 
at its extreme exterior that is to say, considerably outside of its isobars which fonn 
{Page 31) closed curves, there commonly stretches a great bank of cirro-stratus. The 
outside edge of this bank is pretty definite, and its outline in most cases is in rough 
correspondence with the contour of the advancing isobars. The movement of the upper 
current which carries the outlying parts of this elevated cloud bank is often n^y 
tangential to the edge of the cloud bank itself, and nearly opposite to the direction of 
the wind, which is presently about to S|)ring up at the earth*s surface, and in nearly 
all cases it makes a greater angle than 90° with this wind. It is important to observe ^ 
that when this movement is very rapid the approaching depression may be expected to 
be deep and probably attended by strong winds at the earth's surface. As the sheet 
extends over us the upper current breaks very quickly, and continues to do so over the 
whole of the front half of the advancing system. As the centre advances towards 
us we commonly observe composite cloud (nimbus), the rain or snow being 
accompanied by the new current of air belonging to the depression. ITiis clood 
bank extends in most instances nearly over the front half of the system, both on th« 
right hand and left hand of the centre's path, but its character differs very considerably 
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on the two sides. If the centre is passing so as to leave our station on its right, the 
nimbus nsually continues until the centre has almost reached its nearest point to 
US. Then, usually after a sudden increase of precipitation, the sky clears, the cirro- 
stratus terminating in an abrupt line, while the wind at the earth's surface begins 
to veer, slightly if we are at a great distance from the centre, and greatly if we are 
near it. Up to this time the barometer will have continued to fall (except in those 
cases in which the whole system is becoming rapidly shallower) but the rapidity of 
the fall will have depended, as a moment's consideration will show, on four separate 
elements ; the first, the rate of progress of the system ; the second, steepness of its 
gradients ; the third, the increaso or diminution taking place at the time in this 
steepness, in other words, on the question whether the depression is becoming deeper 
or being filled np; and the fourth, on the distance of our station from the centre. 
Pressure now begins to rise (except in those instances in which the depression is 
becoming rapidly deeper). The appearance of the sky in the rear of the disturbance, 
but still on the right side of the centre's course, is usually very unlike that in the 
front. Comparatively few upi)er clouds are observed, and the niovemcut of these is 
commonly observed to be nearly the same with that 'of the current on the earth's 
surface. In lieu of cirro-stratus we see fleecy cumulus. Shower clouds are also 
common over this district. These latter in summer, C8i)ecially in our more inland 
regions, often take the form of local thunderstorms. In winter, passing equalls of 
rain, snow, and hail are common. Those on our western coa^^ts are often attended 
by lightning. It should be remarket! that these showers in the rear of a depression 
are ikr more extensive and persistent on exposed coasts and in hilly districts than 
ill inland and more level countries. The atmosphere in this part of the disturbance 
(Poffe 32) is in most cases clearer, or more devoid of haze than in the front, and 
temperature is also commonly lower ; but marked excei)tions occur to both these 
rules. A rapid and excessive decrease of temperature is not uncommon when the 
wind has begun to veer, particularly near the centre of the cyclonic circulation. 
Xow suppose the barometric minimum in its onward course to leave us on the left. 
Here the nimbus extends over us, the wind after springing up commences to back, 
and continues to do so throughout the passage gf the disturbance. On this side we 
very rarely experience the abrupt change from a rainy to a clear sky which is so 
usual on the right-hand side. As the centre passes, the higher cloud forms gradually 
d^nerate into banks of dreary stratus, often attended with an increase rather than 
any diminotion of haze. As the rear of the system approaches us on this side the 
bolder forms of cumulus are rarely seen, and in place of the shower clouds we 
commonly notice gloomy-looking banks of condensed vai)our in the middle and lower 
levels of the atmosphere, while cirrus has usually almost altogether disappeared. In 
the actual centre of a large depression the sky is often comparatively clear. Shower 
clouds are firequently visible, but these have usually here a thin soft and disintegrated 
aspeet, while cumulas tends to spread itself into stratus, and cirrus lies in broken 
tboogh watery-looking patches. The above description applies to the large and more 
important depressions ; it cannot be applied without considerable moililications to the 
imaller or more local systems. These latter are more commonly characterised by more 
nnbcoken cloud banks, gloomy skies (often with rain or snow) prevailing over the 
central calm, and even to some extent over the extreme rear of the system. The 
woondaries are especially marked in most cases by very copious precipitation over the 
■ district which they traverse, the rainfall beini; usually greatly in excess of that which 
f occurs over the rest of the primary disturbance. In summer, local depressions, 
^ especially if they are secondaries taking a northward direction, are usually associated 
« vith heavy thunderstorms. In the front of these last mentioned systems the cirro- 
ttiitus is commonly accompanied, and sometimes almost replaceil, by the turreted 
. itiitiis. The oocnrrence, therefore, of this form of cloud moving from some southerly 
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point over easterly or northerly surface winds is a valuable indication of approacbiDg 
thunder showerd. The weather which characterises anticyclones is in marked 
(Pcige 33) contrast to that which belongs to cyclones. It is, however, subject to fkr 
greater modifications in relation to the seasons of the year. In summer, and especially 
in our hotter simimers, brilliant weather usually accompanies the anticyclonic circu- 
lations, the dry atmosphere permitting the sun's rays to exercise their full heating 
l)ower on the stratum of air near the earth's surface. In the central districts, particu- 
larly, the sky is often nearly or totally devoid of cloud ; at other times light fleeqr 
cirrus, whose motion is extremely slow, is the principal cloud visible. Near the 
exterior of the system, especially on its eastern and south-eastern side?, stratus and 
tine weather cumulus, often accompanied by much haze, are the prevailing cloud forms. 
At the extreme western and northern borders cirro-cumulus and cirrus are very common, 
beneath which there is much fog occasionally at the sea coast, but rarely at the inland 
stations. Near the south-western limit of a large and well-formed summer anticyclone 
remarkably brilliant and cloudless weather often prevails. In winter the aspect of the 
sky in these systems is commonly different from that just described. Dry weather 
stratus is now the most common form of cloud, occasionally covering nearly the whole 
of the anticyclonic system with an unbroktn canopy, the iM?riK?ndicular thickness of 
which is very small, though its extent is so immense. Above this, in the higher 
region of the atmosphere, there is in such instances a remarkable al)sence of cloud ; 
while beneath it dense ground fogs very commonly prevail at the inland stations. In 
some cases the sky is almost devoid of cloud, or the ground fog only prevails. In 
thet:e latter instances the temi>crature is very low; whereas in the clouded anti- 
cyclone we usually experience only a moderately low temperature, the cloud layer 
checking the radiation. Near the exterior of the system the atmospheric currents 
usually break up, to a great extent, the canopy of cloud and land fog. On the eastern 
and south-eastern limits of the system the appearance of the clouds is often very 
similar to that which prevails in the same district of an anticyclone in the summer, 
but banks of the dry stratus are even here more common than true cumulus. It is 
usually in this district that the temperature is lowest in our islands, a fact that is due 
rather to our geographical position than to any other cause. Occasionally, however, 
we experience, as in summer, an exceedingly clenr sky on the south-western side of a 
large anticyclone, which in winter is accompanied by an intense frost. It may be 
haid generally that the occurrence in any marked degree of the dry weather stratus is 
commonly an indication of an anticyclonic movement of the air. Anticyclones are 
(^age 34) often nearly stationary for a considerable period. It is exceedingly difficult 
irom observations made at a single station to foretell with anything like certainty the 
ultimate fate of a nearly stationary anticyclone, esi>ecially if the atmcsphere be not 
only clouded but fogg^'. The following are specimens of forecasts taken from a 
weather diary. 

1. Winter : in the rear, right-hand side, of a depression travelling to e. or n.e. 
Barometer moderately low, rising rapidly, brisk or moderate K.w. wind ; clear sky 
between passing showers ; very transparent atmosphere ; no tendency to the formation 
of a bank of stratus ; little or no cirrus. As depressions conmionly follow each other 
in a series, and as the direction taken by the last, as well as the absence of the more 
anticyclonic cloud forms, indicates the absence of any anticyclone to the west, we expect 
the N.w. cuiTcnt shortly to fall calm, and to be followed by a fresh bank of cirro-stratus, 
decline of pressure, southerly wind and rain. 2. Winter ; after a day or two of chilly 
w. and N.w. winds; depression in the north-east taking a south-easterly cour^e. Wind 
w. or W.8.W., brisk or moderate ; atmosphere mild ; barometer about the mean or below 
it, falling rapidly ; cloudy, with flying scud, rough looking composite cloud bank or 
dense cirro-stratus. The rapid decrease of pressure in conjunction with the aspect of 
the sky, and with the previous weather, makes it probable that the ri^ht hand segment 
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of a cjcloLiic circulation travelling south-eastwards is about to i^ss over the station ; 
5.W. to N. or even if.K.E. gale is therefore to be apprehended, with a great fall of 
temperature and brisk recovery of pressure. 3. Summer: after moderately diy 
weaker with westerly winds and barometer about or rather above the mean (northern 
limit of an anticyclone). Barometer about the mean and steady, or falling but little ; 
wind s,w. or w^.w., moderate or light ; overcast with much low cloud. Temperature 
iboat or a little above the mean for the season. The ri;;ht-hand portion of a depression 
taking a north-eastward direction is probably passing over the station ; no rain, or 
(Page 35) but slightly drizzling showers, may be expected ; the wind will most pro- 
bably veer a little shortly with a clearer sky. 4. Winter : extreme rear, right hand of 
a large depression going e. or n.e. Calm, clear and cold : n.w. wind having died down 
tnd cumuli and shower clouds disappeared quickly, sheet of cirro-stratus on south 
borizon, edge travelling from w. or s.w. ; barometer below mean, rising, but rise checked 
somewhat. If the new cirrus bank had appeared farther in the w. and its edge moved 
from a more northerly point, the fresh depression which is probably approaching might 
bare been expected to follow nearly in the wake of the previous system. As it is, 
bowerer, there is risk of its centre passing on the south side of the observer causing a 
temporary easterly wind, perhaps gale on exposed coasts, with overcast skies, and 
piobably some sleet or snow. 5. Winter : after light winds and dull weather ; 
barometer much above mean ; totally overcast with low tranquil stratus, and nearly 
calm. As thia is probably t!ie central portion of an anticyclone no immediate change 
c^ be anticipated. 6. Summer : barometer near its mean level ; falling somewhat ; 
t or K, breeze ; turreted stratus above, — with some cirnis travelling rather briskly 
irom a southerly point. A shallow depression is probably about to pass northward over 
the station ; thunder and rain may be anticipated, followed by a light wind from some 
westerly point. 7. Sununer : after westerly winds with temperature and pressure near 
the mean. Decided rise of barometer and very high temperature ; extremely clear, and 
brilliant sky with very few, and those only very low soft, clouds. Very light w. or N.w. 
Isttze. The central part of an anticyclone, moving slowly north-eastwards, is likely to 
JM8 over the station. A further increase of temperature may be expected, followed 
probably by bright and hot easterly winds. 8. Winter: extreme rear of depression 
inoTiug to S.E. Steady rise of barometer: wind veering from n.w, towards n.n.e. ; 
hazy, with some dry-looking broken stratus, and no cirrus. An anticyclonic system 
nwy be surmised to exist over the w. or N.w. Fine and cold, though cloudy weather 
niay therefore be expected with light winds. 9. Winter : after a period of disturbed 
^either, with cyclonic disturbances going eastwards. Barometer about or rather above 
the mean, scarcely falling ; continuous calm for some hours, with persistent and rather 
beavy rains. The observer seems to be near the centre of a very shallow depression, 
*bose course is not distinctly towards e. or n.e. There is therefore a probability that 
anticyclonic currents are forming in the north. Much drier weather, with a higher 
barometer, may consequently be with some probability anticipated. 

Marcet, William. (2?. 13.) 
[Nothing for general notes.] 

l^rriott, Wm. Remarlcs an the Winter of 1878-9. Traua, Watford Nat. Hist., IL, 

pp. 237-240. (ra.) 

[Refers to temperatare at Greenwich and other places in England.] 

Smyth, Piazzi. (Nature^ zxi.) 

(Pa;e249.) Weather predictions cannot be made years beforehand, ow'ng to 

'^nc.Ttainty as to the length of each sun-spot cycle. 
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Stewart, Balfbur. (^Nature, zxi.) 

{Page 542.) Tho question of periodicity of rainfall may perhaps be solved by the 
method of deducing unknown inequalities proposed by Dodgson and myself. It oonsists 
in a way by which we may numerically estimate the indications of an equality. Let us 
suppose, for instance, that in ignorance of the diurnal range of temperature, we try to 
find whether there be a temperature inequality of 26 hours or of 24. We begin by 
taking a large number of hourly readings of temperature and group them into two 
series, the one fX)ntaining 26, the other 24 numbers in a horizontal row. We sboald 
thus have 24 yertical columns for the one series and 26 for the other, and we should 
take the mean of each series as well as the mean of the whole. Now it would speedily 
be found that an inequality was indicated by the 24 hourly series and none by the 
others. The mean amount of the differences might be taken to form a numerical 
criterion of the presence or absence of an inequality. However, we must bear in mind 
that this method of detecting inequalities by summing up and averaging the departures 
from the mean caused by the inequality, likewise sums up and averages the accidental 
fluctuations. These accidental fluctuations can only be got rid of by a long series of 
observations. 

Stewart, Balfoiir. (^Nature, xxii.) 

{Page 146.) There would appear to be a progress of magnetic phenomena from west 
to east, just as we know there is a progress of meteorological phenomena. As, however, 
the meteorological phenomena which we can examine occur in the lower atmospheric 
regions, while the magnetical phenomena are, according to my hypothesis, associated 
with currents in the higher regions, it does not follow that magnetic and meteoro- 
logical phenomena should travel from west to east at the same rate. There is reason 
to believe that magnetic changes lag behind corresponding solar changes just as meteoro- 
logical changes would do. 

19'ature. 

(Vol. xxi. Page 316.) (Acad. Sci., Paris, Jan. 19.) Influence of climates on the matura- 
tion of corn, by M. Balland. [Refers to Temperature.] 

(Vol. xxii. Page 229.) Vol. i. of 'Archives of the Deutsche Seewarte* contains 
reports on (1) Marine meteorology ; and (2) Weather telegraphy and storm warnings. 

(Vol. xxiii. Page 183.) The adequate discussion of the eight-hourly weather maps of 
the United States is the next great step to be taken in meteorology. 

1881. 

C, G. [probably George Clinch.] The Weather. Monthly Nat. Uist. NoUn, vol. L p. 8. 

Published in Jan. (rv. to date.) 

[It refers to the advantage of trees being leafless during snow-storms and to tempera- 
ture in England.] 

Clinch, George. Monthly Xat. HuL Notes, vol. i. Published in June. (rv. to date.) 

(Page 51.) It is said that if tlie new moon be seen very early after the change roagl» 
and unfavourable weather is betokened. 

CordeauXy John. Q. Joum. MeteoroL Soc., VII. Published in No. for Jan. (ro.) 

(Page 47.) The character of the seasons appears to have very little effect on the 
regular migrating movements of birds. The swift seems even less under the influence 
(Page 48) of the weather than the swallow. With regard to the early or late nesting of 
birds as influenced by weather, the data are not suflicient to give any very reliabi^ 
opinion. 
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Elflden, J. V. Trans. Hertfordihire Kat Hitt Soc., I. Read March 16, 1880. 

Publiahed in March, 1881. (ra.) 

{Pa§i€ 111.) The drift exerts an indirect influence on climate. It is to the drift that 
we owe the well wooded appearance of our county. Trees exert a most important 
influence on climate by acting as frigorific causes. [Climate here then means 
temjierature.] 

Hazen, W. B. American Meteorological Observations, Nature, XXIY., p. 189. 

[Explains why the Bulletin of simultaneous meteorological observations is publishcil 
twelve, instead of six, months after date.] 

Hopkinson* John. Trans, HerU, Na\ Hist. Soc., I. Read April 20, 1880. Published 

March, 1881. (m.) 

(Pa^pe 138.) From the phenolo^jical observations made in Hertfordshire in 1879, it 
would appear that animals are not so much afiected by the seasons as plants are. 

M. B. I. A. (B. 8.) 

(Page 41L) Granting (1) that solar periodicity produces a corresponding periodicity 
io any of the elements which make the climate of the earth, as a whole, what it is, and 
(2) that the expression for that change contains only the two first terms of the general 
expression, t.e. that there are no secondary . . . periods, both large admissions, it 
does not appear how a simple fluctuation of solar temperature recurring, we will say, every 
11 years, coald produce several periodic fluctuations of terrestrial temperature identical 
in duraticm but not simultaneous, some one or more being therefore partially or com- 
pletely opposed in phase to some one or more of the remainder and to the causal fluctua- 
tion. Farther, we know that the sun-spot period is subject to large and seemingly 
capricious Tariation. If then solar atmospheric changes are reflected in marked variations 
in terrestrial climate, we shall find these latter to be common to the whole earth, and to 
be represented by a function of the same form. The mere citation of local (for in this 
connection even Europe may be regarded as local) phenomena which have occurred at 
intervaU approximately equal individually to the average length of a sun-spot period 
proves nothing in favour of H. W. C.'s views ; and an analysis of the data given by him 
which would make the occurrence of great frosts simultaneous, sometimes with 8un-s]K>t 
maxima and at other times with sun-spot minima, seems calculated to weaken his case 
in a material degree on the sup[X)sition of a uniform ll-years cycle. 

lleldruin, CliarleB. [Circular relating to] Weather Charts and Storm Atlas in the 

Indian Ocean. Dated April 26. 

It is generally admitted that simultaneous observations over wide areas are the best 
iQMQs for obtaining an inught into the laws of weather changes. Some persons consider 
that &ll that is reqnired for ordinary seamen is a risume of results. But to many others 
IM) itatement of results can be so satisfactory as daily or hourly details presented in a 
V^\c form. The mere enumeration of results for the benefit of practical men is not 
10 much calculated to advance meteorology as a science. The highest authorities havo 
feoommended the synchronous method. 

^bteorology. Report of the Agricultural Meteorology Committee, Q. Journ, Meteorol, 

Soc,, VII. Published in No. for April, (ra,) 

(Page 102.) Q. 1. What are the mutual relations of the meteorological elements on 
Vigeiation ; not only those which are proved to exist, but also those which are theo- 
Meally supposed to be practicable ? A. Healthy vegetation depends on due proportion 
of wannthy moistme and light ; in overcast and moist summers there i& Iux>3Xyu\\. 
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leafage and little flower ; la sunny and dry summers leafage is moderate and flowering 
great (possibly no great amount of fruit, as the plants may be too much dried). These 
main points are much modified by circumstances that affect the ground temperatures ; 
and these ground temperatures are of great importance, as through these, the flow of 
the sap may be retarded or entirely checked, or may be active in one part of the plant 
while it U exactly the reverse in the others, t.c. above or below ground as the case may 
be. The imjwrtance of this consideration is practically acknowledged by vine growers. 
The effect of a mild, overcast and moist summer and autumn or the reverse upon the 
ripening of the wood of that year and the fruit and leaf buds for the succeeding year is 
probably considerable, as also the effect on agricultural seeds, especially Mdth regard to 
the cereal crops, as exemplified in the bread made from corn harvested in bad seasons 
(notably in 1839), drawing out into long sticky strings. Q. II. What observations of 
meteorological elements are to be particularly attended to with especial reference to 
their influence on vegetation ? A. Sunshine ; earth temperatures at depths not exceeding 
4 feet; air temperature and range, humidity, wind, rain, and terrestrial radiation. 
Also solar radiation and evaporation, if satisfactory instruments can be obtained. 
Q. V, Can, at the present moment, meteorological central offices issue weather forecasts 
for the use of agriculture with reasonable prospects of utility? 

Meteorology. Resolutions adopted by the Conference for tlte Development of Agricultural 
and Forest Meteorology^ held at Vienna in Sept. 1 880. Q. Journ. Meteorol, Soc^ VIL 
Published in No. for April, (ra.) 

(^Page 102.) Q. 1. [as before in previous paper.] Resolution :-^ 

1. Vegetation is materially dependent on the following meteorological elements; 
(a) temperature of the air and soil ; (b) duration and intensity of the illumination ; 
(c) all the hydrometcors ; consequently, the vapour tension and relative humidity, 
precipitation (rain, snow, etc.) as well as the other forms of condensation (fog, dew and 
hoar-frost) ; (d) motion of the air. On the other hand the daily march of pressure and 
of ozone appears to be of less importance for vegetation. 2. Conversely, the meteoro- 
logical elements appear to exhibit the influence of vegetation in the following way. 
Vegetation on an augmented scale, such as pasturage, tilled land, forests and moorland, 
etc., give rise each in their own districts to sixjcial conditions of temperature and 
atmospheric humidity, and fwrhaps of rain also, and may therefore exert an influence 
on the climate of the surrounding country in respect of temperature and hydrometcors 
and also of springs. 

Q. II. (as before, in previous paper.) Resolution : — 

3. On the whole it appears important that on as many rationally managed estates as 
possible special observations should be carried on of all the elements recognised as 
important. These observations should be made in different soils, and with different 
types of culture, and should be compared with the crop return year by year, so as to 
investigate in detail the relation between vegetation and climatic factors. The general 
mean results published by the several central institutes do not furnish values in 
sufficient detail for the study of individual types of culture or of local conditions. 
[Then follow instructions in the method to be adopted for observing the variou* 
elements, with remarks on the trustworthiness of instruments, which will be given 
(Page 119) in connection with each element.] It is advisable to organise the system 
of radial stations in order to ascertaiu the effect extensive masses of vegetation, 
especially forest**, exert on the climate of the surrounding region, both in their 
immediate vicinity and at a distance. This system promises better results the more 
continental is the character of the region in which it is established. Observations 
immediatedly above the tree crown are of importance. Q. IV. Would it not be 
desirable with a view to the special observations which must be undertaken (as, e.jr-, 
phonological observations) to prepare a general form of instructions? Resolution 23. 
140 
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The Conference thinks it desirable to prepare general instructions for phenological 
observations. The list of plants to be observed should not be too long. They 
[members of committee] should deal in the first place with cereals and forage plants ; 
secondly, with the more important forest and fruit trees ; and lastly, with other plants of 
importance to agriculture and to the phenomena of animal life. 

Meteorology. BeporU of ObservcUoriea. Q. Journ. MeUorol. Soc.f YII. Published in 

No. for April, {ra.) 

{Page 127.) In the wind charts for the region near the Cape of Good Hope the 
Meteorological Council of the Iloyal Society have adopted the principle of natural areas, 
that is to say, they have treated districts characterized by the same general conditions 
as wholes, and have abandoned the plan hitherto pursued of dealing with areas bounded 
by lines of latitude and longitude over which the same meteorological conditions might 
not prevail. The principle of natural areas has also been adopted by Prof. Buys Ballot, 
in his * Maadelijkschc Windkarte van dcr Noord Atlantischcn Oceaan,' which appeared 
in 1878. 

BodweU,a. F. Nature, XXIY, (rr.) 

(Page 32.) There are forty meteorological stations in the country extending from 
Mogador in Morocco to Sfax in Tunis. A daily bulletin has been issued since 1875, and 
it is distributed over thirteen points on the coast. 

Stewart, Balfour. {Nature, xxiii) (rr.) 

{Page 237.) The evidence is strong in favour of some connection between the state 
of the sun's surface and terrestrial meteorology, while at the same time it is unmis- 
takably indicated by all the elements that this connection is of such a nature as to 
imply that the sun is most powerful when there are most spots on his surface. The 
problem, Prof. Stokes points out, involves two questions. Firstly, do the changes which 
{Page 238) take place in the sun's surface correspond to changes in the meteorologj' 
and magnetism of the earth, and, if so, does an increase of spotted area denote an 
incieaae of solar activity or the reverse ? Another question is whether these solar 
inequalities bear all or any of the marks of true periodicity. If they do not present true 
periodicity we cannot hope to predict the state of the sun. If they do present such 
periodicity we may gain such predicting power. Perhaps Mr. Chambers's method of 
prevision is not the best. Observations of the sun's intrinsic heat-giving power may 
perhaps be better. 

Stewart Balfour. Lecture delivered at South Kensington, April 27. Nature, XXIV. 

(Page 116.) The eleven-yearly oscillations of the sun's spots vary in magnitude. 
;1 Tbey were probably small about the middle of the last century, becoming large towards 
;■ tbe end of it ; they were again small about the early part of the present century, 
~ Tbey have recently been large, and we may expect that in future there will be again a 
^ (Po^e 150) falling off. The sun is periodically stirred up, and being stirred up there 
^ is an increase in the light and heat which is radiated to the earth. This affects the 

loeteorology of the earth. 

ByoionB, G. J. The History of English Meteorological Societies, Q. Journ. MeteoroL 
8oe,, VII. pp. 65-98. Read Jan. 19. Published in No. for April, {ra.) 

(Page 66.) ITie earliest English effort at forming a meteorological society, or at any 
^ St securing observations made with comparable instruments, recorded upon a 
uniform system, was made in 1723 by Dr. James Jurin, in his address given in the 
^l Ttaos. for that year. On May 4, 1744, Eoger Pickering read before the Eoyal 
^oofij a paper entitled, * Scheme of a Diary of the Weather, together with draughts 
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(Page 66) and descriptions of macliines subservient thereunto.' Pickering states UuU 
a sense of the importance of observing the weather induced Hippocrates, in his remarb 
upon the epidemic diseases in Thasos, to premise a general history of the weather 
preceding them ; and with the same view did Boyle turn his thoughts so closely upon 
the same subject, whose example, being followed by others, both abroad' and at home, 
has brought the natural history of the air to a surprising degree of jierfection. Tie 
Royal Society commenced its register in 1774, but neglected it for several years after 
1781. Daniell, in his 'Elements of Meteorology,' says the Meteorological Society 
(Page 67) of the Palatinate was established in 1780. One of the first acts of the 
Association was to write to all the principal universities, scientific academies and 
colleges, soliciting their co-operation, and offering to present them with all the necessary 
instruments properly verified by standards and free of expense. The ofier mi 
immediately accepted by thirty societies, and observations were made by Hemroer, 
Weis, Plann, Senebin, Bugge, Van Swinden, Konig, Cattc, Egel, Pictet, Toaldo, and 
Euler. Hemmer sent ample instructions with the instruments. Some idea may be 
fonned of the comprehensive scale of the register, when it is known that it contains 
observations three times in the day of the barometer, thermometer in the shade and in 
the sun, hygrometer, magnetic needle, direction and force of the wind, quantity of rain 
and of evaporation, the appearance of the sky, and in some places the electrical state of 
the atmosphere, and the presence of disease. The field of observation extended from I 
the Ural Mountains in the east, to Cambridge in the United States in the west, and 
from Greenland and Norway in the north to Rome in the south, as also stations oa 
three high mountains and on the summit of St. Gothard. The observations of each year 
are summed up and compared with those which precede in copious and inost laborious 
tables of mean and extreme results. Hemmer died in 179P, and from that time tho 
Society appears to have become extinct during the French revolution. Daniell says 
these volumes contain the first instances of representing barometric oscillations by » 
curve ; but Dr. Lister was the true originator of this method. From 1781 to 1823 there 
was no uniformity, nor combination in the observations that were made. In 1S23 
(Page 69) J. G. Tatem proposed the formation of a Meteorological Society. A societjT 
was formed and its first meeting held, Oct 15, 1823, and continued in existence till 
(Page 72) 1843, but very little work was done. Ruskin in his pai)er pointed out the 
necessity of tho combination of simultaneous observations and the desire of the Society 
to know at any given instant the state of the atmosphere at every point of the surface. 

Nature, (xxiii.) (rr.) 

(Page 307.) (Meteor. Soc, Jan. 19.) G. J. Symons gave a history of Meteorologies^ "•- 
Societies from 1823 to 1880. The earliest English effort for securing observations mad *^ 
with comparable instruments uiK)n a uniform system was made in 1723 by Dr. Jamt-^^ 
Jurin. In 1744 another attempt was made by Roger rickerinjr, who read a \xi\\: ^ 
entitled 'Scheme of a diary of the Weather, together with drafts and descriptions c» ^ 
machines subservient thereto.' The Meteorological Society of the Palatinate wa ^ 
c»stablished in 1780. In 1823 the first meeting of the Meteorological Society of Londo ^^ 
was held. The Society practically came to an end soon after 1841. In 1850-1851 tit ^ 
British Meteorological Society was established. The preliminary meeting was on Apr »■ ; 
3,1850, the first general meeting on March 25, 1851. Annual reports were publisher*-' 
from 1851 to 1861 ; then five volumes of Proceedings ; then six volumes of the Quarterl ^ 
Journal. The work of the Society is now so large as to require three computers. 

Nature, (xxiv.) (rr.) 

(Page 7.) Prof. Ealfour Stewart, in his lecture at South Kensington on Sol^*^ 
Physics, stated his belief that one great cause of weather change is solar variability i ^ 

r42 
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rliich we have periods of short length as well as others extending over many years, 
rhese weather changes are propagated from W. to E. The variations in diurnal decli- 
lation of magnet are caused hy solar variation and are propagated from W. to E., but 
more quickly than meteorological changes ; hence it would seem possible that the 
magnetic weather of to-day may be followed by corresponding meteorological weather 
five or six days hence. Profl Stewart has tried this and thinks that such is the case. 

{J^age 184.) Meteorol. Soc., June 15. The use of synchronous meteorological charts 
for determining mean values over the ocean by Charles Harding. 

[fagt 232.) Acad. Sci. Paris, June 27. On the prolegomena of a new treatise 
published in Italy by M. DiamiUa Miiller, by M. Faye. 

[Refers to winds and atmospheric electricity.] 

{fagt 464.) Brit. Assoc Meeting, Sept. The effects of gulf streams upon climates. 

[Climates means temperature.] 
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The First Number of Part XL of the • Scientific Roll ' will be issued in May, 1882. This 
Part will deal with Aqueous Vapour. The Suhscription for this Part is 2a. 6d., payable 
in advance to A. Ramsay. As the value of the Part will depend largely upon its degree of 
folnesB, authors would materially aid in the work by sending copies of any papers they 
nay have written bearing on the subject of aqueous vapour in its climatic relations ; or, if 
they are unable to do this, by giving reference to their publications. 



W'i 



THE SCIENTIFIC ENQUIRER. , 

Correspondence ta invited on Science maiiera of aU kinds. In aU cases, 
names and addresses should he given ; 6tU these mil not he published unihout ike 
writer*s consent. Hie Conductor will not he responsible for the opinions expressed 
by Correspondents. All communications should he addressed to the Conductor, 
10, Bouverie Street, London, E.C 



As no one has responded to this invitation, a few lines seem to be required to explain 
why it has been made, and to point out what are some of the possible adyantages that may 
be derived from its acceptance. There are scores, nay, hundreds, of publications which 
devote more or less of their space to questions and answers for the benefit of their 
correspondents; and, therefore, it may be thought there is no need for another aexisi 
having the same feature, more especially one which appears so seldom as once a qi]iirtBr« 
whereas most of the above are weekly or monthly. There is no intention here of holdiiig 
out any promise for the future ; but an attempt will be made to enhance the value o^ 
and facilitate reference to, the subjects that may be dealt with in the oorrespondenee hf 
classifying the information as opportunity occurs. In this way, there will not be so mndi 
occasion for the repetition of the same question, and enquirers will be able to find whetlier 
any question has been asked more readily than is at present the case, and, if the qnestioo 
has been answered, wliere the information is given. It may be said that the indexes fat 
the several serials answer this purpose. But considering that these indexes genenlly aie 
not drawn up on any special plan, it frequently happens that the person consulting them 
does not hit upon the right key- word ; nnd it seldom, if ever, is the case that the indexei 
are compiled in such a way that the consultor can draw a safe conclusion from what he 
finds that the information he seeks is definitely and inferentially implied to be absent in 
the work. In short, the purpose aimed at is so to systematise the matter as to make the 
references more easy, anc^ to apply to queries the same principles as are developed in the 
^ Scientific Roll ' with respect to facts. At some future time attention will be given t» 
the classification of scientific workers, with a view to facilitate intercommunication between 
them. Should a plan of this kind be fairly well organised, questions will rarely &fl to 
find their way to tho£e most competent and willing to answer them. 
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Innsbmck and Paris a temperature period of 27*26 days. Dr. Buys-Ballot 
of Utrecht iu 1851, employing observations from Dantzig, Haarlem, and 
Zwanenburg, found a temperature period of 27*682 daj's* duration, which 
besides being more carefully determined than Nervander's, coincides most 
remarkably with a sun-spot period of 27*686 days subsequently determined 
by Prof. Fritz of Zurich from Wolfs collection of observations of the bun- 
spots extending from 1612 to 1860. 

41. These observations if they correspond to the synodic i)eriod would 
give for the sidereal mean period of solar rotation a length of 25*74 days, a 
quantity rather in excess of that given by either Carrington or Sporer. 
If, on the other hand, we examine the periods of somewhat similar duration 
determined by Broun and Hornstein for the variations of atmospheric 
pressure and magnetism, we find the former element gives us a length of 
25*8 days and the latter one of 26 to 26*33^ days for the synodic rotation. 
The sidereal rotation according to these results would be accomplished in 
about 24*13 days, a result widely diflfering from that derived from the tem- 
perature and spot periods. 

42. It is possible, however, that we are here confronted by one of those 
too common obstacles to scientific progress, viz., an approximate coincidence 
of eflfects due to different causes. From a recent research of Prof. Balfour 
Stewart, a note on which was communicated to the British Association last 
year, it would appear probable that some of these short periods in the sun- 
hpots, and therefore also in terrestial magnetism, are due to the conjunction ' 
of an intra-mercurial planet whose period is 24*011 days with the planets 
Mercury, Venus, and Jupiter respectively. If this suimise be correct, it is 
difficult to say whether some of the periods we have been considering aro 
really due to solar rotation or to the synodic periods of this yet undiscovered- 
planet. Thus assuming the period of this planet to be 24*01 1 days, whic'V^ 
represents a sun-spot period of more than ordinary regularity, its synod i <5 
periods with the planets just referred to are as follows : — 

With Mercury 33025 dnvs 
With Venus 26-884 days, 
With Jupiter 24'145 days. 

corresponding to which Prof. Stewart has found the following inequality ^ 
in the sun spots :— 

A very prominent inequality of period, 32*995 day. 
A very prominent inequality of period, 20*871 days. 
A leas prominent inequality of period, 24*142 days. 

The final confirmation of the planetary hypothesis would tend to set "• 
Ihe point as to whether there were any periods really dependent on so^ * 
rotation alone, but until this is accomplished it must necessarily rem^ ^ 
somewhat doubtful. 

43. Regarding the synodic periods of the moon with respect to the &''*^ 
and earth, it has been found by Vice- Admiral Fleuriot de Langle that tL»^« 
are closely associated with corresponding variations in the number 

> Honistein finds the latter period from obaciTations at Prague. 
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itensify of hurricanes. This idea is, moreover, supported by the researches 
f Horr Schtibler of Munich, M. Flaugergues of Viviers, and Herr Lnedicke, 
ho have all noted barometric changes corresponding to the varying 
3lative position of the sun and moon of such a character as to agree with 
e Langle's results. It would further seem that the cause is in some way 
onnected with gravity, since the changes in the moon's absolute distance 
cm the earth are in like manner reflected in meteorological phenomena, 
'hus de Langle, on examining the particulars of one hundred and ninet}'- 
ve hurricanes, found that one hundred and nine took place within three 
ays of the moon's apogee or perigee, while Ilt^rr Lnedicke found the 
reatest excesses and deficiencies in the height of the barometer to occur 
i^cisely at or near the same epochs. 

44. It would seem, then, from the preceding remarks, that the sun and 
loon, by changes in the absolute distance of the latter from the earth, 
ossibly by the rotation of the former on its axis, and by their relative 
osition with r^ard to one another, exert marked influences not only upon 
errestrial magnetism, but also upon terrestrial meteorology; so that in 
ttempting to discover what periodical meteorological disturbances are in 
;lose connection with the peculiar molecular or thermal condition of the 
inn introduced by the presence or absence of spots, we must not lose sight 
of the fact that terrestrial weather is also decidedly influenced by — or at 
any rate affected contemporaneously with — the solar and lunar motions 
al)ove mentioned. That these influences ever exceed those exercised by 
the spots is not very likely, but if they are present at all, they must tend 
to mask, or complicate, the effects produced by the latter. 

45. Besides the magnetic changes which appear to be closely connected 
^ith corresponding meteorological changes, there are abrupt variations both 
in magnetic declination and horizontal intensity, accompanied very often 
^'V the Aurora Polaris, which appear to be communicated instantaneously 
To the earth without the intervention of a medium of meteorological dis- 
turbance. A well-known and often referred- to instance of this kind occurred 
Jn 1859, when a violent magnetic storm, accompanied by brilliant Boreal 
and Austral Aurone, occurred coincidently with a remarkable outburst of 
^^nesium over a sun-spot, observed simultaneously by Messrs. Hodgson 
and Carrington. Mr. Allan Broun found that some of these abrupt 
"Variations (generally diminutions of the earth's magnetism) are apparently 
c^jnnected with the period of solar rotation, following one another in many 
<^^8at intervals of twenty-six days or some multiple of twenty-six days 
a^d he hence inferred that the medium through which these actions are 
transmitted proceeds from the sun, is not uniformly distributed around it 

Dor always distributed in the same way.^ 

46. It is evident, then, that in regarding the several cosmical influences 
*^ work upon the meteorology and magnetism of the earth, we must 
tTour, as fiar as we can, to distinguish between those which produce 

» «Xattiw,' vcl. xiii No. ^. 
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12; p. 64, B. 1871, 15. Gronau, p. 12, B. 
1803, 1. Peacock, p. 65, B. 1871,36. Smyth, 
p. 50, B. 1856, 9— causes. Croll, p. 56, h. 
1864, 6. Henderson, p. 57, B. 1865, 24. 
Predieri, p. 62, B. 1869, 38; p. 64, B. 1870, 
36. Ritter, p. 56, B. 1864, 29— caused by 
changes of earth's surface. Ansted, p. 95, N. 
301 — by cosmical influence. Davidson, p. 65, 
B. 1872, 6 — by excentricity of earth's orbit. 
Haughton, p. 58, B. 1866, 16 — in high statiouA; 
p. 132, 133, N.— secular. Ansted, p. 98, N. 
311 — secular: influence of ocean currents. 
Croll, p. 63, B. 1870, 9. 

chronology. Pistoles!, p. 47, B. 1853, 
12. 

classification. Stevenson, p. 104, 105, N. 

coincidences. Alexander, p. 45, B. 
1851, 1. 

complexity. Ansted, p. 94, N. 287. 

connection "with — AgricvUtwre, p. 77, 
B. 1880, 42. Bernard, p. 46, B. 1852, 2. 
Bruhns, p. 76, B. 1880, 2. Buchan, p. 82, N. 
Cantoni, p. 73, B. 1879, 8; p. 76, B. 1880, 5, 
Daniell, p. 15, B. 1826, 3. Forbes, p. 82, N. 
Hann, p. 74, B. 1879, 20. Henry, p. 51. 
B. 1858, 15. Hombres, p. 43, B. 1844, 7. 
Hoskins, p. 49, B. 1855, 5. Johnston, p. 45, 
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electricity, or the facility by which it may be discharged; the latter, as 
Professor Stokes says, possibly by the upper regions becoming relatively 
more heated than those below, and thus ofifering less resistance to the 
passage of the electiic discharge. 

48. This hypothesis of Professor Stokes's is something akin to one pro- 
pounded by Professor Balfour Stewart, when delivering his presidential 
address before the British Association in 1875. He said : " It appears to be 
a tenable hypothesis to attribute at least the most prominent magnetic 
changes to atmospheric motions taking place in the upper regions of the 
atmosphere, where each moving stratum of air becomes a conductor moving 
ax^Toss lines of magnetic force. ... It thus seems possible that the excessive 
magnetic disturbances, which take place in years of maximum sun-spot, may 
not be directly caused by any solar action, but may rather be due to the 
excessive meteorological disturbances, which are likewise characteristic of 
such years. On the other hand, the magnetic and meteorological influence^ 
which Broun has found to be connected with the sun's rotation points to some 
unknown direct effect produced by our luminary, even if we imagine that 
the magnetic part of it is caused by the meteorological." Prof. Stewart 
therefore evidently thinks it probable that the majority of the magnetio- 
^'feturbances which are referable to solar influence alone, are caused indirectly' 
through an intervening medium of meteorological disturbance, which latter 
Jie assumes to be due to (1 ) the heat radiated by, and (2) a cyclone pro- 
•iQcIng influence of, the sun. The specific distinction which Prof. Stewart so 
^^fuUjr draws between the two preceding influences seems scarcely 
necessary if we remember that, according to the views more recently enter- 
tained regarding cyclones, these phenomena merely represent disturbances 
o'le to either the condensation of vapour over a local area, or else a IochI 
difference of temperature, both of which are primaril}- due to solar radiated 



49. The hypotheses, however, of Prof. Stewart and Pi of. Stokes agree in 

attributing the majority of the magnetic changes to a medium of meteoro- 

^ical disturbance, and this is important, because it shows us that if we find 

periods of magnetic disturbance, we have reasonable grounds for expecting 

to find some traces of analogous meteorological periods. The decennial 

period in terrestrial magnetism has long been an accepted fact, and it is 

^ hfginjiuig to be acknowledged that there is a similar period in meteorology. 

^- The longer periods in magnetism have likewise in all probability analogous 

z periods in meteorology attached to them, and thus the one element may be 

^8ed as a means of discovery for the other. 

dO. The general correspondence of some periods in magnetism and 
DJeteorology is exhibited in the following table : — (See p. 160.) 

M. Since, notwithstanding the other influences already alluded to as 
introduced by the moon and planets, the most marked periods both in 
Bugnetism and meteorology, seem to be those dependent on the physical 
condition of the sun, we may conclude that cycles of weather are indeed 
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ta, StereiMon, p. 68, B. 1873, 55 ; 

nee of deviations from mean. 

p. 45, B. 1850, 4. 
one afforded by animals and 
tch, p, 42, B. 1842, 7. 
iQ of aqaeons vapour. Monck, 
^1, 34 — change in axis of earth's 
45, B. 1849, 7— eclipse. Weld, 
'7, 25— eclipse of sun. Glaisher, 
i, 12. Fritsch, p. 59, B. 1867, 23. 

B. 1859, 17— ether. Wilcocks, 
(55,43; p. 63, B. 1869, 46— ex- 
Htion io S. hemisphere. Croll, 
>9, 4 — forces oo earth's surface. 
. 45, B. 1850, 9 — gulf streams ; 
-hills. Anste<l, p. 94, N. 103— 
>rth, p. 99, N. — land and water. 

51, B. 1859, 10— light. Poey, 
155, 14 — locality. Ritter, p. 49, 
Smyth, p. 49, B. 1855, 18— 
ed, p. 95, N, 302. Somerville, 
J— moon ; p. 12, B. 1808, 2 ; 1809, 
.. 1868, 17 ; p. 63, B. 1869, 48. 
.. 78, N. Arago, p. 38, B. 1833, 
p. 46, B. 1852, 1. B^zard de 
)3, B, 1870, 5. Bouvard, p. 38, 
p. 39, B. 1836, 3. Breton, p. 56, 

Broun, p. 121, N. Brumham, 
869, 3. Bnchan, p. 91, N. 331. 

1, B. 1861, 10; p. 54, B. 1862, 5. 
B. 1861, 13. Cotte, p. 11, 12, 
Crum, p. 43, B. 1844, 2. Eisen- 
B. 1833, 5. Emerson, p. 39, B. 

erest, p. 40, B. 1836, 6. Fonvielle, 

>3, 11. Frisi, p. 12, B. 1804,4. 

, B. 1854, 6. Guillanme, p. 15, 

Klein, p. 62, B. 1869, 18. Kreil, 

2, 11. U Cour, p. 43, B. 1844, 9. 
11, B. 1797.1; 1800, 3. La Place, 
23, 3 ; p. 15, B. 1826, 9. Madler, 
7, 12. Marcet, p. 39, B. 1834, 1 2 ; 
32, B. 1860, 16. Marchand, p. 67, 
. Marguet, p. 63, B. 1870, 22. 
p. 46, B. 1852, 15. Schiibler, 
832, 8; 1832, 10. Somerville, 
)9. Streintz, p. 65, B. 1871,44. 
61, B. 1868, 40. Webb, p. 64, 
{. Zenger, p. 61, B. 1868, 43. 
ing. Cyclo, p. 79, N. — obliquity 

Croll, p. 59, B. 1867, 13; B. 
.loore, p. 60, B. 1867, 49 ; 1867, 50 
Tents. Ansted, p. 94, N. 150. 
p. 41, B. 1840, 10— physical con- 

3, B. 1870, 15— plains (high and 
ed, p. 94, N. Ill — planets. Ger- 
, B. 1818, 1— plants ; p. 140, N. 
5, B. 1851, 2. Woodhouse, p. 12, 
; 1803, 4 — plants : cultivation. 
), B. 1837, 9. Muller, p. 49, 
2 — plants : deforesting. Lange, 
7, 10 — plants : forests. Becquerel, 
56, 2 ; p. 62, B. 1869, 1 ; p. 85, N. 
7, B. 1865, 4. Clarke, p. 39, B. 
iutrat,-p. 102, N. Fritzsch, p. 59, 
. Klippart, p. 52, B. 1860, 14. 
>lberg, p. 66, B. 1872,26. Lorenz, 

X 2 



ClilMATE— influence of-H!ontinued. 
p. 74, B. 1879, 32. Maistre, p. 58, B. 1866, 
20 ; p. 70, B. 1875, 9. Parish, p. 45, B. 1849, 
8. Schomburgk, p. 64, B. 1870, 40— foresU : 
Australia. Clarke, p. 71, B. 1877, 4— plants : 
trees. Elsden, p. 139, N. — polar ocean. 
Miihry, p. 56, B. 1864, 25. Z, p. 14, B. 
1818, 4— railroad and telegraphic lines. 
Delalonde, p. 52, B. 1860, 3 — snow. Woei- 
koff, p. 65, B. 1871, 47— sun. Archibald, 
p. 17-37 ; 145-152, E. II. ; p. 121, N. Beard- 
more, p. 81, N. 3. Brumham, p. 62, B. 1869, 
3. Chmmbers, p. 125, N. M. R. I. A., p. 139, 
N. N., p. 68, B. 1873, 41. Nature, p. 124, 
N. 63. Somerville, p. 98, N. 308, 309. 
Stewart, p. 105, N. ; p. 141, N. — sun's rota- 
tion. Buys-Ballot, p. 51, B. 1858, 8 — sun- 
spota. Buchan, p. 104, N. — sun (non-influence 

00. Crichton, p. 15, B. 1825, 5; 1825,6; 
1826, 2 — son and moon ; p. 147, £. II. 44 — 
water : physical properties. Hennessy, p. 102, 
N. 

influence on animals. Becquerel, p. 50, 
51, B. 1858, 3., Somerville, p. 98, N. 33 — 
insects. Verloren, p. 55, B. 1863, 37 — man. 
Deville, p. 62, B. 1869, 7 ; p. 63, B. 1870, 11. 
Foissac, p. 47, B. 1854, 4. Forbes, p. 82, N. 
Rattray, p. 64, B. 1870, 38; p. 65, B. 1871, 
40; p. 66, B. 1872,45; p. 68, B. 1873,45. 
Seguin, p. 13, B. 1814, 2. Smith, p. 53, B. 
1861,33; p. 54, B. 1862, 34. Swaving, p. 
43, B. 1844, 14. Vigazza-Rascalla, p. 47, B. 
1853, 17. Young, p. 13, B. 1813, 1— man : 
civilisation ; p. 76, B. 1880, 28— man : death- 
rate. Baker, p. 125, 126, N. Baxendell, 
p. 63, B. 1870, 4 ; p. 64, B. 1871, 4. Buchan, 
p. 89, N. 75 — death-rate : Australia, p. 78, B. 
1879, 78 — ^man : development. Foissac, p. 61^ 
B. 1868, 11 — man: diseases. Baker, p. 126, 
N. Clark, p. 16, B. 1830, 3. Haller, p. 52, 
B. 1860, 10. Haviland, p. 49, B. 1855, 4. 
Holland, p. 41, B. 1840, 8. Ransome and 
Vernon, p. 54, B. 1862, 25. Reuss, p. 13, B. 
1817, 3. Robertson, p. 49, B. 1856, 7. Roche, 
p. 49, B. 1855, 17. Scoresby- Jackson, p. 55, 
B. 1863, 33 — man : diseases : consumption. 
Williams, p. 72, B. 1877, 26 — man : diseases : 
method of inquiry. Baker, p. 126, N. — man : 
diseases : pulmonary. Marcet, p, 76, B. 1880, 
13— man ; female puberty. Robertson, p. 43, 
B. 1844,11 — man: health. Ballard, p. 59, 
B. 1867, 3 ; p. 64, B. 1871, 3. Bailey, p. 54, 
B. 1862, 2; p. 55, B. 1863, 1 ; p. 56, B. 1864, 

1. Foissac, p. 61, B. 1868, 11. Lombard, 
p. 58, B. 1866, 19. Suard, p. 54, B. 1862, 35. 
Taylor, p. 71, B. 1875, 47. Williams, p. 105, 
106, N. Wilson, p. 76, B. 1880, 26— man : 
health : local. Predieri, p. 45, B. 1850, 12— 
man: morals. Foissac, p. 61, B. 1868, 11 — 
man : states. Oczapowsky, p. 69, B. 1874, 36 
— man : states and nations. Kohl, p. 70, B. 
1875, 6 — man : temperature of body. Rey- 
naud, p. 16, B. 1830, 9 — ^man : urinary system. 
Smith, p. 53, B. 1861, 33 ; p, 54, B. 1862, 34 
— organisms. Jorden, p. 52, B. 1859, 14 — 
organisotf: distribution. Somerville, p. 98, 
9fi^-pkoto ; pi 189, 14<», N. Becquerel, p. 50, 
51, B. 1858, 3. De CandoUe, p. 65, Bw 1872, 
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52. The general results of the investigatioDS hitherto made into the rcla- 
tlons between the shorter sun-spot period of approximately eleven years and 
the different meteorological elements may be briefly summed up as follows : 

The temperature of the air is found to vary inversely with the sun-spot 
area, being higher than the mean in years of maximum sun-spot, and lower 
than the mean in years of minimum sun-spot. Fruit and wine, whose 
development depends on a variety of causes — temperature and rainfall being 
the chief — are found to vary in price according to the position of the year 
as r^ards the sun-spot cycle. In the present century fruit is found to 
be cheaper in years of maximum sun-spot. Wine is found to be subject to 
two variations, one in quantity, the other in quality. The maximum 
qnantity occurs at the maximum epoch of sun-spot development, and the 
best qnality occurs shortly after the epoch of minimum sun-spot.^ 

53. With some exceptions in the subtropical zone, probably more numerous 
than is at present imagined, the rainfall is greater in years of maximum 
san-spot than in those at or near the epoch of minimum sun-spot. The 
riverB and lakes, as one would naturally suppose, are likewise found to be 
higher at the former epoch than at the latter. As rainfall constitutes an 
approximate measure of evaporation and thence of solar radiation, it would, 
if tested all over the world, probably afford a fairly correct estimate of the 
variation in solar heat at different times. It is certainly more trustworthy 
tbn air-temperature measured near the earth's surface, which, as Blanford 
baa ktely shown,^ is largely affected by the amount of rainfall apart from 
tbe interception of the solar rays due to cloud. 

54. Hail is found on the whole to occur more frequently in years of 
maximum sun-spot. 

55. Begarding barometric pressure, one of the most important elements 
of meteorology, coipparatively little has as yet been done ; but Blanford's 
researches and those of Hill and F. Chambers in India have shown that 
barometric changes occur closely connected with those of the sun-spots. 
I^bese changes, as might be expected in an element whose general sum total 
most remain tolerably constant over the earth's surface, vary in quality 
according to locality. Thus, so far, it has been found that over West 
ijiberia the barometric pressure is lowest in minimum sun-spot years, and 
*^ighe8t in maximum sun-spot years, while the contrary prevails over Indo- 
Malaysia. Traces of the same kind of compensatory variation have been 
found by the writer to occur between the west coast and the eastern central 
districts of Euiope. 

56. With respect to storms, it has long been known that the tropical 
<^yclone8 occur most frequently in years of maximum sun-spot, while in the 
<€Qiperate regions the opposite apparently holds, at least as regards the 

^e time of change from miDimum to maximam sun-spot is only from three to four years 

and these are generally 'warm and dry in Europe, which probably nccounts fur the above fact. 

' 'Journal of the Asiatic Society of Bengal/ vol. 50, part iL, 1881. * Ou the Relation:! of 

Clood and Rainfall to Temperature in India,' etc. 
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general movement of the air. It seems possible that in the years of 
minimum sunnspot the general motions of the atmosphere may ibe stroDgcri 
and therefore the sum total of the wind's velocity greater; while in 
maximum years we may have more violent storms, just as in the tropics 
there are more cyclones, the same cause operating in both cases, viz., a 
weakening of the general motions of the air at the maximum sun-spot 
epoch, which, by promoting the local aggregation of vapour, greatly 
facilitates the formation of cyclones. 

57. Finally, the clouds are found to be generally more abundant at the 
maximum epoch of the ^pots, in this respect agreeing, as we should expect* 
with the variation in the rainfall. The particular variety of cloud called 
cirrus, associated by some with appearances of the aurora, is likewise found 
to prevail more at the same epoch. 

58. When the relations between all these different elements are better 
known than at present, we shall be able to understand by what exact 
process (whether an increase or decrease of solar heat) the presence of sun- 
spots affects the conditions of the terrestrial atmosphere. At present ire 
are considerably in the dark about the whole question ; but neverthelea 
our gropings inevitably lead to the result that there is a most undoubted 
relation between solar phenomena and climatic cycles, and that this relation 
may be ultimately developed so as to become of the greatest scientific and 
economic value to the world. 
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EXPLANATORY REMARKS.— I. 

SxpLANATORY remarks will be given from time to time relative to the metliocl 
>f Bjstematising notes. 

On the present occasion it may be observed that the foregoing general 
lotes represent a few books only, and are by no means a complete resume of 
the literature. This is manifest if a comparison is made between the 
lumber of papers and volumes which are marked as having been read and 
>f those which are not so marked. Hence it must be understood that any 
;iYen statement assigned to a paper has some point of novelty only as 
regards the books that have been read. 

A few repetitions may be observed, but some of them are intentional, 
wliile others are more so in appearance than in reality. The intentional 
>iie8 arise from the facts being put in a different way, or from their having 
i different bearing. For instance, in the papers by Abercromby and Ley 
there are many facts in common, and a certain degree of consensus o^ 
>piiiion ; but, as the papers have broad lines of distinction, it is necessary to 
"^peat the facts in order to show their general bearing. Again, repetitions 
KJcur if the publications have been issued in the same year, because it often 
Uppens that it is difficult to ascertain which appeared first. 

As an example of apparent repetitions may be instanced the passage in 
^uchan's ' Handy Book,' relating to the barometer and other instruments 
^ page 3 of both editions. As there seems to be a slight difference the 
^petition is made ; it being better to err by repeating than by omitting 
%ct8 of this kind. 

There is another point which requires explanation. Many of the state- 
ments are not general, but they have or may have a general bearing. It 
3 impossible to enter these in the index as general facts, because the infer- 
noe is made by reading as it were between the lines, and because no 
eneral application was intended by the original author ; indeed, in some 
ases, such general application is expressly excluded. One example of this 
I seen at page 190 of Buchan's • Handy Book ' (N. 1867, B. 6). He says no 
rediction of the weather, at least in the British Isles, can be made for 
lore than three days beforehand. Nevertheless the statement may bo 
pplied to a large part, if not the whole, of the world ; although, as a 
eneral rule, Buchan's conclasions are chiefly based on observations in the 
Sritifih Isles. Again, at page 107, Alluard*s observation of the barometer 
Uing at one level while falling at another, is mentioned as showing the 
eoe&dty of studying the atmosphere in vertical layers. This strictly 
^fers only to barometric condition ; but as this condition depends on other 

iflaences the remark has a much more general bearing. Care should, 
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Archibald, p. 121, N. ; -p. 149, 150, E. II. 49-51. 
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p. 64, B. 1870, 34 ; p. 66, B. 1872, 38. Muller, 
Pouillet, Pfaundler, p. 75, B. 1879. 58. 
Pietra-Santa, p. 57, B. 1865, 35. Pina-Vidal, 
p. 62, B. 1869, 37. Quetelet, p. 53, B. 1861, 
28-29. R^clus, p. 62, B. 1869, 41. Schmid, 
p. 52,53, B 1860, 22; p. 54, B. 1862, 29. 
Scott, p. 68, B. 1873,49-51. Smith (chemical), 
p. 68, B. 1873, 54. Studer, p. 59, B. 1866, 37. 
Thomson, p. 45, B. 1849, 11. Waltershausen, 
p. 57, B. 1865, 42 ; p. 61, B. 1868, 41. Young, 
Breen, ScofTcrn, and Lowe, p. 50, B. 1856, 12. 

prognostications, p. 59, B. 1866, 43 ; 
p. 67, B. 1872, 59; p. 75, B. 1879, 84. 
Abercromby, p. 115, N. Astre, p. 60, B. 1868, 
1; B., p. 12, B. 1804, 1. Beddoes, p. 11, 
B. 1802, 1. Beleguic, p. 56, B. 1864, 2, 
Blake, p. 73, B. 1879, 2. Bruhns, p. 76, 
B. 1880, 3. Buchan, p. 88, N. 2. BuUer, 
p. 60, B. 1868, 5. Chambers, p. 60, B. 1868, 
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CIjIMATE — prognosticatioiis.— con^dl 
6. Claridge, p. 15, B. 1827, 3. Crouzet, 
p. 57, B. 1865, 12. Clouston, p. 59, B. 1867, 
11. Drechsler, p. 56, B. 1864, 7. Fonvielle, 
p. 64, B. 1871, 16. Forster, p. 15, B. 1827,7. 
Fournet, p. 55, B. 1863, 12. Fritsch, p. 55, 
B. 1863, 14. Gazzaniga, p. 15, B. 1826, 7. 
Grainger, p. 61, B. 1868, 12. Grellois, p. 53, 
B. 1861, 19. Mathieu, p. 73, B. 1878, 19. 
Muncke, p. 14, B. 1820, 3. P., p. 100, N. 
Prestel, p. 54, B. 1862, 24. Schmidt, p. 53, 
B. 1861, 31. Smyth, p. 137, N. Stieffel, 
p. 43, B. 1844, 13. 

prO£n9.08tioatio]18 : by animals. Ansted, 
p. 96, 97, N. 306, 308. Mitchell, p. 87, N. 
Thomas, p. 47, B. 1853, 16; B. 1854, 16. 
Toaldo, p. 11, B. 1799, 4. 

pro£n9.08tioatiozi8 : by anrora. Ansted, 
p. 97, N. 311. Ogilvy, p. 61, B. 1868, 30. 

prO£n9.08tioation8 : by barometer. Gal- 
ton, p. 64, B. 1&71, 17. Gobia, p. 65, B. 1872, 
14, Ley, p. 134, N. Strachan, p. 130, 131, 
K. 

prognostioations : by birds. Schiibler, 
p. 38, B. 1831, 12. 

pro£n9.08tioation8 : by clouds. Ansted, 
p. 96, N. 306, 307. Bxichan, p. 89, 90, N. 
105-107. Ley, p. 125, 127, N. Mitchell, 
p. 87, N. Nature, p. 106, N. 458. Poey, 
p. 75, B. 1879, 64. 

progpiostioations : by Gnlf Stream. 
Williams, p. 131, N. 

progpiostioations : by lunar halo. 
Tatem, p. 40, B. 1836, 14. 

progllOStications : by haloes, parhelia, 
paraselense and meteors. White, p. 39, B. 
1835, 15. 

prognostioations : by horse leech ; p. 
13, B. 1826, 5. 

prognostications : by human system. 
Ansted, p. 97, N. 308. 

prognostications : by moon. Ansted, 
p. 97, N. 311. Buchan, p. 91, N. 331. 
Clinch, p. 138, N. 

prognostications: by plants. Hoff- 
man, p. 51, 52, B. 1859, 13. Thomas, p. 47, 
B. 1853, 16; B. 18.i4, 16. 

progp9.0Stications : by polarisation of 
atmosphere. Buchan, p. 91, M. 331. 

progp9.ostications : bv sky. Aratus, p. 
75, B. 1880, 1. 

prognostications : by sun. Buchan, 
p. 91, N. 331. 

progp^-OStications : by sunrise and sun- 
set. Ley, p. 134, N. 

prognostications : by temperature. 
Ansted, p. 97, N. 310. 

prognostications : by terrestrial mag- 
netism, p. 37, E. II. 37. 

prognostications: by vi.sihility. An- 
sted, p. 96, N. 306. 

progpiostications : by wini. Ansted, 
p. 97, N. 307, 310, 311. Tastes, p. 6o, B. 
1871, 45 ; p. 68, B. 1873, 58. 

progpiOStioations : Kitz R«>y\s forecasts 
and weather returns, p. 56, B. 1864, 'M\. 

prognostications: forecas:s, p. 74, B. 
1879. 38. Abercrombv, p. 116, N. IwO. 
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Arago, p. 43, B. 1846, 1. Buchan, 
180, 190 ; p. 91, N. 138. Buys-Bal 
B. 1864,4; p. 59, B. 1867, 8. < 
122, N. Coulvier-Gravier, p. 58, I 
Dumas, p. 85, N. Fonvielle, p. 72, 
II ; p. 74, B. 1879, 16. Forster, j 
Labrosse, p. 58, B. 1866, 17. Larni 
B. 1837, 11. Leverrier, p. 58, B. 
p. 60, B. 1867, 35. Ley, p. 76, B 
p. 136, 137, N. — (use of weather 
125, 127, N. Matteucci, p. 85, 
Maury, p. 99, N. 414, Morin, p.4< 
13 ; p. 41, B. 1840, 12. Nature, f 
p. 133, N. 446. R., p. 128, N. i 
p. 90, N. Scott, p. 76, B. 1880, 2: 
p. 59, B. 1866, 35. Steinmetz, p. 5 
36. Strachan, p. 61, B. 1868, 37. 
p. 93, N. ; p. 131, N. Wenlev, p. 7 
24. Wragge,p.76,B. 1880, 27. Z; 
p. 59, B. 1866, 38 — storm warnin 
B. 1874, 29 ; B. 1874, 43 ; p. 138, > 
lawski, p. 68, B. 1874, 2. Broun 

1876, 2. Buchan, p. 88, 89, N. 89 
N. 341— (defects); p. 92, N. 343, 3 
Roy's system), p. 89, N. 9. (Fran 
N. 343. (Great Britain), p. 92, 9; 
345. Burgess, p. 73, B. 1879. 7 ; 
Collins, p. 72, B. 1878, 8. E.lwin 
1878, 9. Fitz Roy, p. 80, N. Foi 
N. Jelinek, p. 60, B. 1867, 31. 
p. 86, N. Maury, p. 99, N. Meld 
N. 65 ; p. 84, N. 177. Nature, p. 1 
Neumayer, p. 70, B. 1875, 28. St 
B. 1876, 11; p. 73, B. 1878, 36. 
60, B. 1867,58; p. 61, B. 1868, 
by Fitz Roy. Forbes, p. 82, N 
error*; p. 66, B. 1863, 40 — 
Buciian, p. 90, N. 180 — relative vali 
p. 97, N. 311. 

prognostications: by sma 

changes. Buchan, p. 91, N. 339. 

prognostications: waruiugs 

R., p. 75, B. 1879, 60— on Sundav^ 

1877, 37. 

prognostications : weather • 

p. 73, B. 1878, 43. 

purity of air as indicated 
Gamer, p. 82, 83, N. 

raining trees. Murray, p. 3 
9. Schmidt, p. 52, B. 1859, 22. 

researches. Ferrel, p. 71, 1> 

science. [This heading is Vi\ 
meteorology.] Accurate facts impo 
sted, p. 94, N. 292 — accuracy depe 
means. Somerville, p. 98, N. 31 ^ 
tors. Earl de Grey, p. 79, N. 
Becquerel, p. 44, B. 1847, l^-es>;t^ 
p. 49, B. 1855, 1 — facts require i 
matising. Strachan, p. 93, N. 2^ . 
work. Meldrum, p. 83, N. >> 
Sidler, p. 75, B. 1879, 68. SilK. 
1831, 14 — hypotheses and discusM 
p. 107, N. — importance. Sopwith 
1859, 27 — investigation: difficuh 
p. 128, N. Stewart, p. 162, .N 
work. Meldrum, p. 83, N. 6J — ")• 
nessy, p. 69, B. 1874, 7 — popular! t 
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3 — BOiono^— continued. 

'. 2 — practical applications. Buchan, 
1873, 4. Meldrura, p. 83, N. 65 — 
te. Herschel, p. 54, B. 1862, 14 — 
ate in England. Drew, p. 46, B. 
problems. Abercrombv, \t. 103, N. 
»n, p. 100, N. Hann, p. 72, B. 1878, 
, p. 74, B. 1879, 27— progress; 
J ; p. 54, B. 1861, 37. Abercromby, 

Bryce, p. 52, B. 1860, 2. Buchan, 
. Flammarion, p. 100, N. Maury, 

Ideldrum, p. 83, N. 64. Neumayer, 
1878, 32 ; p. 124, N. Scarpellini 
), p. 53, B. 1861, 30. Scott, p. 128, 
Commission evidence, p. 70, B. 1875, 
hools. Buchan, p. 89, N. 10 — is 
;Y a science? Abercromby, p. 71, 
-^tate of. Smalley, p. 59, B. 1866, 
natisation. Poey, p. 50, B. 1857, 
B. 1858, 22— use. Scott, p. 130, N. 
18, p. 14, B. 1822, 4. Eng. Cycle, 

N. Hofer, p. 60, B. 1867, 27. 
p. 62, B. 1869, 35. Murphy, p. 39, 
16. Pirie, p. 70, K 1875, 31. 
60, B. 1867, 52— changes explained. 
, p. 46, B. 1851, 12 — growth rings 
indicators. Warring, p. 107, N. — 
?, B, 1874, 44 — inBuence of ether, 
p. 58, B. 1865, 43 ; p. 63, B. 1869, 
nee of winter on animals and plants, 
tl, B. 1840, 17 — influence on man. 
X 38, B. 1832, 7. Smith, p. 52, B. 
-influence on man ; death rate, p. 38, 
I Quetelet, p. 40, B. 1838, 12— 
lowman, p. 63, B. 1870, 32— relation 
ion, N. p. 45, B. 1850, 11. 
OB. Stevenson, p. 68, B. 1873, 56 ; 
— vertical. Nature, p. 107, N. 452. 

service. U. States, p. 68, B. 

Lty. Somerville, p. 98, N. 316. 
)f sky. Lamarck, p. 12, B. 1 802, 3. 
of salt. Salisbury, p. 12, B. 1807, 
'8, 7. 

forces. Hopkins, p. 46, B. 1852, 
lois, p. 57, B. 1865, 23. Tomliiison, 
1863, 36 ; p. 81, 82, N. 
8. Dondenne, p. 59, B. 1867, 17. 

p. 61, B. 1868, 16. March, 183H, 
. 1838, 15. Oct. 1854. Krenger, 
1855, 8. Oct. 1863. Eaton, p. 57, 
17. May 7, 1865. Lermoyez, p. 57, 
17. 1866. Jelinek, p. 60, B. 1867, 
. 1866. Dove, p. 59, B. 1867, 18. 
'. Jelinek, p. 60, B. 1867, 31— of 
character, considered to be general ; 
— influence on man ; diseases ; neu- 
klitchell, p. 133, N. — prevented by 
atteucci, p. 41, B. 1839, 4. 
I. Boileau, p. 45, B. 1850, 2. Giivot, 

1852, 10; p. 51, B. 1858, 14; B. 
p. 54, B. 1862, 12. James, p. 52, 

13. Kunze, p. 70, B. 1875, 7. 
. 67, B. 1873, 24. Williamson, p. 61, 
J2. 

climate defined. Ansted, p. 95, 
Davis, p. 78, N. Eng. Cyclo. p. 78, 
. 10, Ke. Stevenson, p. 105, N. 
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unifonn in character. Ansted, p. 96, 
N. 304. 

vernal equinoctial week. Da Boulav, 
p. 53, B. 1861, 15. 

TVeather. It is not practicable to di.^- 
tinguish between what refers to weather a> 
distinct from climate. Therefore search should 
also be made under the more general term 
climate : p. 51, B. 1858, 6. Behr, p. 51, B. 
1858, 4. Buchan (of 1867), p. 91, N. 42V«. 
Herschel, p. 57, B. 1865, 26. Meldrum (every 
phase instructive), p. 84, N. 80. Segesser, 
p. 39, B. 1834, 20 — almanac. Murphy, p. 40, 
B. 1838, 11 ; p. 41, B. 1839, 7 ; B. 1840, 13 ; 
p. 42, B. 1842, 14 — anti-cyclone : type>. 
Abercromby, p. 108, 109, 112, N. Ley. 
p. 136, 7, N.— changes indicated by barometer. 
Eng. Cycle, p. 78, N. Glaisher, p. 57, B. 1865, 
21. Hailstone, p. 14, B. 1822, 5.— case. 
Mycr, p. 73. B. 1878, 31 ; p. 124, N.— changes. 
Hopkins, p. 52, B. 1860, 12 — changes : causes. 
Hopkins, p. 52, B. 1860, 11 — changes indicated 
by colour of sea. Ansted, p. 94, N. 144 — 
changes : world-wide. Buchan, p. 90, N. 165 
— changes : connection with magnetic varia* 
tions. Stewai-t, p. 18, E. II. 1 ; p. 35, E. II. 
36— connection with sun-spots. Archibald, 
p. 18, E. n. 3— with tides. Hall, p. 40, B. 
1837, 7— with wind. Mari^ Davy, p. 72, B. 
1877, 12— correlation of phenomena. Dell- 
mann, p. 53, B. 1861, 14 — cyclonic character. 
Abercromby, p. 116, N, Ley, p. 134-137, N. 
— cyclone: primary. Abercromby, p. Ill, 
112, N.^-cyclone : secondary. Abercrombv, 
p. Ill, 112, N. Ley, p. 135, N.— cyclone : 
types. Abercromby, p. 108, 109, 110, 111, 
N. — diagrams. Cator, p. 57, B. 1865, 11 — 
flne day and season : deflnition. Ansted, p. 95, 
N. 303— folklore. Swainson, p. 68, B. 1873, 
57 — influence of earthquakes. Nature, p. 125, 
N. 600 — extra terrestrial causes. Wolfers, 
p. 44, B. 1847, 13— man. Olbers, p. 14, B, 
1818, 3 ; B. 1821, 6— moon. Schiibler, p. 3b, 
B. 1831, 11. Toaldo, p. 11, B. 1799, 7— sea. 
Abercromby, p. 110, N. — sun. Archibald, 
p. 17, E. II. 1. Stewart, p. 142, 143, N.— 
thermic differences. Buchan, p. 88, N. 6 — 
influence on plants. Fritsch, p. 42, B. 1843. 
4. Hoppe, p. 14, B. 1822, 6— not influenced 
by magnetism, moon nor sun-spots. Faye. 
p. 124, N. — intensity as a character. Aber- 
cromby, p. 108, 109, 112, N. — kinds. Al>er- 
cromby, p. 107-112, N. Boitard, p. 55, B. 
1863, 5^ — law paramount; j». 2, E. I. 2 — local 
differences. Ansteil, p. 96, N. — local variations 
as a character. Abercromby, p. 110, N. — 
maps; p. 71, B. 1876, 17. Dec. 3, 4, 1872, 
p. 66, B. 1872, 37 ; 1873, p. 67, B. 1873, 32 ; 
1875, p. 70, B. 1875, 18. Sept. 1877, p. 76, 
B. 1880, 30. April to Dec. 1878, p. 76, B. 
1880, 30— remarks ; p. 76, B. 1880, 33, 34. 
Sept. 1877, p. 76, B. 1880, 37. April to 
Julr, 1878, p. 76, B. 1880, 35. Aug. 1878. 
]). 76, B. 1880, 36. Sept. 1878, p. 76, B. 1880, 
38. Oct. and Nov. 1878, p. 77, B. 1880, 31>. 
Dec. 1878, p. 77, B. 1880, 40. Galton, p. 80. 
X. LocJce, p. 52, B. I860, 15. Scott, p. 71. 
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B. 1876, 11. Strachan, p. 130, 131, N.— 

Europe. Hoflfineyer, p. 70, B. 1875, 39.— 

N. hemisphere; p. 75, B. 1879, 81 — U. States; 

p. 72, B. 1877, 29. Loomis, p. 74, B. 1879, 

30. M., p. 76, B- 1880, 12— maps : daily. 

^laury, p. 99, N. 390. Meldrum, p. 83, 84, N. 

1874, p. 69, B. 1874, 8. Europe, p. 72, B. 

1877,35 — ^in newspapers; p. 102, 103, N. — use 

J). 132, N. — eight hourly require discussion ; 

J). 138, N. — monthly ; p. 132, N. — synoptic ; 

report. Hoffmeyer, p. 74, B. 1879, 26— 

method of study. Abercromby, p. 107 — 112, 

N. — sequential. Abercromby, p. 107, N. — 

synoptic. Abercromby, p. 107, 108, N. — 

periodicity (diurnal) as a character. Aber- 

<Tomby, p. 109, 110, 112, N. — principles 

(weather book). Fitz Roy, p. 55, B. 1863, 9 ; 

B. 1863, ^0---<weather guide). Fitz Roy, 

]>. 51, B. 1858, 10 ; B. 1859, 6. Murphy, 

p. 39, B. 1834, 16 — problems to be solved. 

Abercromby, p. 114, N. — progressive motion. 

Ansted, p. 96, N. 305. Stewart, p. 138, 143, 

N.^-(lags behind magnetic changes). Stewart, 

p. 138, 143, N. — Saint Swithin. Jenyns, 

p. 55, B. 1863, 19 — seasonal variations as a 

character. Abercromby, p. 110, X. — term 

defined. Abercromby, p. 114. Ansted, p. 95, 

N. 302 ; p. 96, N. 305. Buchan, p. 90, N. 

180— bad, defined. Ansted, p. 95, N. 303— 

uniformity of phenomena in wet seasons, 

1857, 1858 and 1874. Dove, p. 70, B. 1875, 3. 

1835. Merian, p. 40, B. 1836, 10. June 20, 

21, 1861. Quetelet, p. 53, B. 18(51, 27— 

Antarctic regions. Maury, p. 53, B. 1861, 22 ; 

p. 54, B. 1862, 17. Neumayer, p. 75, B. 1879, 

o9— Antilles. Poey, p. 53, B. 18G1, 26— 

Arctic regions. Miihry, p. 53, B. 18G1, 24 — 

as indicated by extinct corals. Fleming, p. 44, 

B. 1846, 11 — Atlantic coast : influence of 

<5ulf Stream. Wynne, p. 50, B. 1857, 30— 

British Isles; p. 76, B. 1880, 33; p. 77, B. 

1881, 11— Babington; p. 54, B. 1862, 1— 

Canada; p. 76, B. 1880, 33— Cuba. Poev, 

]). 53, B. 1861, 26— England; p. 77, B. 1881, 

1 — England: Surrey, Cobhara; p. 77, B. 1881, 

11— Europe; p. 77, B. 1881, 11— Falkland 

Isles; p. 76, B. 1880,33 — of future. Murphy, 

p. 66, B. 1872, 40 — ^at great heights. Nowak, 

p. 53, B. 1861, 25. Tridon, p. 76, B. 1880, 

25— India: Bombay; p. 76, B. 1880, 33— 

Chambers, p. 72, B. 1878, 7 — Indian summer ; 

p. 39, B. 1835, 16 — islands (uniformity in). 

Murray, p. 14, B. 1820, 4— of land areas. 

Ansted, p. 94, N. 298 — mountains ; p. 77, 

B. 1881, 11. Smith, p. 50, B. 1857, 24— 

mountain : application of mechanical theory 

of heat. Miihry, p. 63, B. 1870, 33 — of north 

h«;misphere. Ansted, p. 94, N. 291. Somer- 

ville, p. 98, N. 338 — of north and south hemi- 

^il»ho^es. Dove, p. 67, B. 1873, 6 — of north 

nn.i south polar lands. Ulc, p. 63, B. 1869, 

44— of oceanic areas. Ansted, p. 94, N. 298 — 

at soa : principles. Maury, p. 66, B. 1872, 

27; p. 69, B.11874, 12— Scotland ; p. 76, 

B. 1880, 33; p. 77, B. 1881, 11— of south 

hemisphere. Ansted, p. 94, N. 291 — south 

hemisphere. Somerville, p. 98, N. 338 — 
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Sweden; p. 76, B. 1880,33— Tasmania, p. TS, 
B. 1880, 33— trade wind region. Somervilk, 
p. 98, N. 343— tropical. Forbes, p. 43, R 
1845, 5. Gaston, p. 54, B. 1864, 8; p. 56, 
B. 1864, 9— United States; p. 76, R IWU, 
33— U. S., Missouri; p. 76, B. 1880, 33. 

CIi OUU S. See Aqueous vapour, 

CONTBACTIONB explained, p. 1, lot K. 

CORRESPOISrDENCJB and tnqairi« «»- 
licited, p. 144. 

DirW POIKT. See Aqueous vapour. 

FiARTH : influence of sun on, p. 34, L IL 
34. 

SjAHTH : magnetism. See alto under Cli- 
mate : connection, and Climate : prognostica- 
tion. 

SjAHTH: magnetism: connection with nar 
spots. Fritz, p. 74, B. 1879, 18— eonnectitt 
between its changes and those of snB-spoti. 
Sabine and Wolf, p. 17, E. II. 1— <iistarbuieet 
precede the meteorological. Stewart, p. 18, 
E. II. 1-^influence of electrical condition of 
air; p. 148, 149, E. II. 47— of sun; p. 147, 
E. IL 45; p. 148, £. II. 46, 47— sun-mots; 
p. 147, 148, E. II. 45, 46 ; p. 148, 149, E. II. 
47— temperature ; p. 147, E. II. 48 ; p. 14». 
149, E. II. 47— wind ; p. 149, E. U. 48— ob- 
servations. EUery, p. 65, B. 1872, 11— 
periodicity coincident wTth those of solar 
spots. Wolf, Sabine, Loomis, Fritz, p. 34, 35, 
E. II. 36— periodicity, p. 150, E. II.— 26 dsj; 
p. 145-148, E. II. 38, 41, 45, 46— iwles sad 
equator (coincidence with those of beat snd 
wind) ; p. 35, E. II. 36 — variations (connecties 
with meteorological changes). Stewart, p. 35, 
E. II. 36. 

EABTHQXJASIB8. Rossi, p. 73, B. 1878, 
35 ; p. 75, B. 1879, 66 ; periodicity, p. 150, 
E. II. 

EIjBEH : as test of purity of air, p. 83, K. 

EIiECTRICAIi COiroiTION, p. 76, R 
1880, 33. Muhry, p. 68, B. 1873, 40; p. 6>, 
B. 1874, 33. Parrot, p. 12, B. 1802, 4; 1803. 
3 — changes. Ansted, p. 96, N. 305 — aschsne* 
teristic of different kinds of weather. Abe^ 
cromby, p. 108-110, N. Ley, p. 135, 137, X. 
— influence of e. and humidity on aarora. 
Loomis, p. 35, 36, E. IL 36 — observatisi*: 
method of recording. Mascart, p. 74, B. 1878. 
37 ; p. 76, B. 1880, 15— report, p. 73,3.1878, 
22— thunderstorm. Gaylor«l, p. 41, B. 1840. 
5 ; p. 42, B. 1842,'5 ; thunderstorms : periodi- 
citv, J). 150, E. II. — thunderstorms: periodidtt; 
diurnal, p. 38, B. 1832, 9. 

£IiM : as test of purity of air, p. 82, N. 

ERICA : as test of purity of air, p. 82, X. 

ETHER: influence of. Wilcocks, p. 58, I^ 
1865, 43 ; p. 63, B. 1869, 46. 

EVAPORATION". Sec Aqueous vapov. 

FIjOODS: prediction of, by tempentaie- 
Foumet, p. 55, B. 1863, 12. 

GEODESY : application of method of let** 
squares. F reeden , p. 55, B. 1863, 13. 

GEOGRAPHY: principles. Hann, Hocb- 
stetter and Pokorny, p. 66, B. 1872, 18. 

GEOLOGY: in connection with cnrrcnts- 
Wettstein, p. 75, B. 1879, 72. 
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Muhrr, p. 68, B. 1873, 40 ; 
. 1874, 33. 

BBS : periodicity, p. 150, E. II. 
ATiTi. Lererrier, p. 61, B. 1868, 16 
raoterisiic of different kinds of weather, 
mby, p. 108, 111, N. Ley, p. 135, N. 
Qce of sun spots, p. 151, £. II. 54 — 
ty. Fritz, p. 106, N. — prognostica- 
temperature. Ansted, p. 96, N. 307. 

See Teti^xratwre. 
CIA : as test of parity of air, p. 82, N. 
': as t est of purity of air, p. 82, N. 
'ITT. See Aqueous Vapour, 
>ncy of ice in auroral displays, p. 36, 
. 36 — relation of polar ice to auroras, 
e, p. 37. E. II. 36. 

'8: species for phenolo^cal obsenra' 
d cLach lan, p. 70, B. 1875, 8. 
rCnOKS. See under Climate. 

: as test of purity of air, p. 82, N. 
Is : common and Portugal ; as test 
• of air, p. 82, N. 
STUmuS: as test of purity of air, 

nature defined. Title page — regulates 
)ft«n assigned to chance, p. 2, £.1, 1. 
IS : as test of purity of air, p. 82, 

influence on plants, p. 139, 140, N. 
ice of diminution of, on animals and 
Lowe, p. 52, B. 1859, 17— periodicity ; 

inHuence of earth's relation and 
)f sun, p. 3, E. I. 6, 7 — at Greenwich. 
r4, B. 1879, 13. 

ITISM: science; present state, 
p. 59, B. 1866, 34. 
■ey un der Climate. 

^Jfi : geographical and statistical. 
>. 50, B. 1857, 4. 

Bf : influence of, on sun-spots, 
p. 21, E. II. 12. 

20GBAPH. See under Climate. 
IOIjOGICAIj Committee, Confer- 
nsel and societies. See under Climate. 
iOIiOQY. See under Climate: 

SON : as test of purity of air, p. 

lest of purity of air, p. 82, N. 
'ATIONS. See under Ciimate. 
iTOHIES. See under ClimaU. 
: currents. Ploix and Caspari, p. 70, 
32 — level ; influence of obliquity of 

Croll, p. 59, B. 1867, 13 ; tempera- 
lomson, p. 64, B. 1870, 47— tide ; 
y, p. 150, E. II. Pacific: tempera- 
iM, p 72, B. 1877, 25. 
UPHY: hypsometrical tables. 

70, B. 1875, 7. 

iuence of heredity. Tanner, p. 62, 
>0. 42. 

; test of purity of air, p. 82, X. 
3 : application of method of least 

Freeden, p. 55, B. 1863, 13 ; litcra- 
iprez, p. 65, B. 1872, 10. 

: trees ; advantages of leafless con- 
vinters. C, p. 138, X. 
. : as t«st of purity of air, p. 82, X. 



FROOH'OSTICATIOII'S. See under 
Climate, 

PUBIilCATIOKS asked for, p. 1, Int. 9. 
BATN*. Bellani, p. 39, B. 1836, 2 ; p. 40, B. 
1838, 1. Claridge, p. 15, B. 1827, 3. 

BAINFAIiIi: cause of. Hann, p. 68, B. 1874, 
5; as characteristic of different kinds of 
weather. Abercromby, p. 107-112, N. Ley, 
p. 134-137, X; connection with sun-spots. 
Abercromby, p. 115, N. Meldrum, p. 122, 123, 
N. Trourelot, p. 68, B. 1873, 60 ; connection 
with wind. Abercromby, p. 115, N.— different 
synoptic conditions. Abercromby, p. 118. 125, 
N. — influence of sun-spots, p. 151, £. II. 53. 
Nature, p. 125 — influence of opposite tempera- 
tures in different regions. Archibald, p. 125, 
N.— obsenrations : method of averaging. Mel- 
drum, p. 122, 123, X. Symons, p. 131, N.— 
origin of equatorial seasons explained. Sande- 
man, p. 46, B. 1851, 12 — periodicity, p. 150, 151, 
E. IL Meldrum, p. 107, X. Strachey, p. 106, 
N. — periodicity : diurnal. Rome, p. 7, £. I. 
15— eleven-year. Meldrum, p. 122, 123, N. 
— prognostications by clouds. Ansted, p. 96, 
N. — Australia: Adelaide, Babbage, p. 63, B. 
1870, 3. Australia : Xew South Wales, p. 75, 
B. 1879, 77. Austria, p. 76, B. 1880, 33. 
Hungary, p. 76, B. 1880, 33. 

B£8&DA lutea : as test of purity of air, p. 
82, N. 

BHODODENDBOK : as test of purity of 
air p 8 2, N. 

BlvAliS : floods : periodicity. Fritz, p. 106, 
N. 

BOSE8 : as test of purity of air, p. 82, X. 

S ALT D EPOSITS. See under ClimaU, 

SAXTFBAGES : as test of purity of air, p. 
82, N. 

SCIENCE: facts should be noted and 
classified, p. 1, Int. 1 — keys deficient in 
u niformity , p. 1, Int. 2. 

SCIENTIFIC BOIiL: notes follow the 
sense, not always the words, of the original, 
p. 1, Int. 6. — purpose of, p. 1, Int. 4. 

SCIENTIFIC SOCIIrnES: report of 
annual conference at York, 1882, p. 154-156. 

SCIENTIFIC UNION, p. 154-157. 

SEDI7M : as test of purity of air, p. 82, X. 

SHEEP. See under Climate and Otis, 

SNOW: Claridge, p. 15, B. 1827, 2— red. 
Bel lani, p . 39, B. 1836, 2; p. 40, B. 1838, 1. 

SNOWFAIjIj : as characteristic of different 
kinds of weather. Abercromby, p. 135, X. 

SOIIi : influence on plants. Kei-ner, p. 62, B. 
1869, 17 ; influence on plant-distribution. 
Buhse, p. 59, B. 1807, 7. 

SPBINGS : influence of forests. Maistre, 
p. 58, B. 1866, 20 ; p. 70, B. 1875, 9. 

SuN: chromosphere, p. 27, E. II. 20, 21— 
period of rotation, p. 145, 146, E. II. 39, 41 — 
energy, manifestations of, p. 32, 33, E. II. 30 
— influence on earth, p. 34, E. II. 34— influence 
of solar electrical disturbance on auroras. 
Loomis, p. 36, E. II. 36 — parhelia. Qaylord, 
p. 41, B. 1840, 5 — photosphere, nature of. 
Kirchoff, p. 27, E. II. 20. Spencer, p. 27, E. 
II. 21. Young, J). 28, E. II. 22— photosphere, 
structure of. janssen, p. 20, E. II. 10. 
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SUIl'SHINE : See Light 

S'OnN'SFOTS. Proctor, p. 28, E. II. 22— 
chemical nature. Lockyer, p. 24, £. II. 19 — 
cometarj theory; p. 29, E. 1I.\26. Proctor, 
p. 30, E. II. 27-^onnected with faculac ; p. 19, 
E. II. 5 ; p. 20, E. II. 9 — connection with rain- 
fall and wind. Trouvelot, p. 68, B. 1873, 60 
— connection with solar radiation ; p. 22, E. 
II. 30 — solar temperature, p. 22, E. II. 12 — 
terrestrial temperature and weather ; p. 18, 
El. II. 3 — cyclonic nature ; p. 23, E. II. 12 ; 
p. 27, E. II. 21 ; Spencer and Herschel, p. 24, 
E. II. 17 — direction related to solar energy. 
Stewart and Lockyer, p. 33, E. II. 32 — dis- 
covered by Chine>e ; p. 17, E. II. 1 — due to 
cyclonic motion. Faye, p. 22, E. II. 12 — to 
descending currents; p. 23, E. II. 12 — to 
downrush of cold matter ; p. 22, E. II. 12 — to 
uprush of matter. Faye, p. 22, E. II. 12 — 
formation and motion of; p. 19, E. II. 5; p. 
19, 20, E. II. 6 ; p. 20, E. II. 7— influence of 
Jupiter. De La Rue, Stewart and Loewy, 
p. 26, 27, E. II. 20. Proctor, p. 26, E. II. 20 
— influence of Mercury. De La Rue, Stewart 
and Loewy, p. 26, 27, E. II. 20 — of planets. 
Stewart, Buys-Ballot, p. 21, E. II. 12— of 
planetary attraction ; p. 26, 27, E. II. 20 — of 
Venus. De La Rue, Stewart and Loewy, p. 
26, 27, E. II. 20— meteoric theory ; p. 29, 30, 
31, E. n. 26, 27. Herschel, p. 21, E. II. 11. 
Mayer, p. 29, E. II. 25. Thomson, p. 29, E. 
11. 25 ; p. 30, E. II. 26. Waterston, p. 29, E. 
II. 25 — motion. Chacomac, p. 19, E. II. 5. 
De la Rue, Stewart, Loewy, p. 19, 20, E. II. 6. 
Sporer, p. 20, E. II. 7 — names of investigators ; 
p. 24, E. II. 18— nature of; p. 18, E. II. 4 ; 
p. 24, E. II. 16 ; p. 25, 26, E. II. 19. Faye, 
p. 28, 29, E. n. 23, 24. Secchi, p. 29, E. II. 
24. Young, p. 28, 29, E. II. 22, 23; p. 31, 32, 
E. II. 29. Zollner, p. 29, E. II. 24— observa- 
tions, p. 19, E. II. 5 ; p. 20, E. II. 7. Schellen, 
p. 23, E. II. 15. Tait, p. 23, E. II. 14 — order 
of disappearance ; p. 23, E. II. 12 — periodical 
latitudinal range. Carrington, p. 20, 21, E. 
II. 1 1— periodicity ; p. 32, E. II. 29. Stewart, 
p. 141, N. Wolf, p. 26, E. II. 20. Wolf, 
Sabine, Loomis and Fritz, p. 34, 35, E. II. 36 
— periodicity : cycles. Archibald, p. 17, E. 
J I. 1. De la Rue, Stewart and Loewy, p. 17, 
E. II. 1. Lament, p. 17, E. II. 1. Schwabe. 
p. 17, E. II. 1. Wolf, p. 17, E. II. 1 ; p. 18, 
E. II. 2 — periodicity : eleven year. Archibald, 
p. 121, N. Buchan, p. 121, 122, N. Mel- 
drum, p. 123, 124, N. — periodicity : influence 
of planets, p. 146, E. II. 42 — 24 day : influence 
of intramercurial planet. Stewart, Buys- 
Ballot, p. 21, E. II. 12 — relation to solar 
energy, p. 33, E. II. 31 — relation to tropical 
barometric pressure. Chambers, p. 33, E. II. 
32 — relation to weather; p. 34, 35, E. II. 
35 — size. Davis, p. 20, E. II. 8 ; views held by 
Gautier, p. 25, E. II. 19; view held by Secchi, 
p. 25, 26, E. II. 19; view of ZiillneV, p. 24, 
E. II. 19 ; surface eruptions, nature of, p. 31, 
E. II. 27 ; temperature, connection with spots, 
p. 22, E. II. 12 — temperature, contraction 
theory. Helmholtz, p. 31, E. II. 27— tem- 
perature ; influence of chemical and meteoiic 
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SUH'SPOTS— <»n/mw«/. 
action. Proctor, p. 31, E. II. 27— tei 
non-influence of chemical action, 
p. 31, E. II. 27 — temperature: ii 
meteoric action. Thomson, p. 31, 
temperature : meteoric theory : 
p. 31, E. II. 28 — variation in sun' 
ture the main cause of terrestris 
Archibald, p. 17, E. II. 1— var 
periodical change in. Archibald, } 
1 — variation in level of condensa 
Lcckyer, p. 23, E. II. 12. 

SYSTEMATIZATION of not 
mended, p. 1, Int. 3. 

SY8TBM.A TISED notes more 
ideas than in language, p. 1, Int. 5 
tor y remain s, I. p . 153, 154. 

TEMPERATURE. Bloxam,p.£ 
4. Chambers, p. 72, B. 1878, 7. C 
B. 1875, 2. Laughton, p. 73, B 
Poireau, p. 54, B. 1862, 23. Stev 
B. 1878, 38 — changes. Howorth, 
1872, 21. Rae, p. 66, B. 1872, 43- 
with sun-spots. Archibald, p. 18 
influence of excessive radiation ii 
sphere on climate. Croll, p. 62, B 
influence on insects. Verioren, p. f 
37 — influence of sun-spots on diu 
Stewart, p. 21, E. II. 12— observat 
Quetelet, p. 45, B. 1849, 9 — 
Renou, p. 66, B. 1872, 46— periodi 
nal ; p. 6, E. I. 13 ; p. 7, 8, E. I. 16- 
of reduction) ; p. 4, E. 1. 9 — (theor« 
actually) ; p. 3, E. I. 8 — (in tempe 
p. 5, E. I. 10 — (on land and at sea i 
p. 5, E. I. 9 — (in vertical directic 
Hamberg, Glaisher, p. 5, 6, E. I. 
artic Ocean). Moseley, p. 5, E. I. 
dar, Abyssinia). Riippell, p. 5, 
(Limpopo Basin). Erskine and Bai 
E. I. 9 — (Octanata River, Nev 
Miiller, p. 5, E. I. 9 — (Pacayacii 
Spruce, p. 5, E. I. 9 — (Para, Brazi 
p. 5, E. I. 9 — (Paris) ; p. 5, E. I. 
mouth) ; p. 5, E. I. 10— (polar reg 
E. I. 11— (Quito). Orton, p. 5, 
(Rigaf). Watson, p. 4, E. I. 9 
River, Australia). Wilson, y. 5, 
(Stony hurst) ; p. 5, E. I. 10— (Tr 
India, p. 5, E. I. 9 — (Wassaw, G 
Skertchly, p. 5, E. I. 9— (Yarkj) 
Hay ward, p. 5, E. 1. 10 — daily n 
and light in harmony ; p. 5, E. 
riodicity : eleven year. Koppen, 
1874, 8 — poles and equators : coinc 
those of magnetism and wind ; p. c 
— possible conditions in former ti 
nessy, p. 57, B. 1865, 25 — relation 
with height to other eleraeuts. 
p. 57, B. 1865, 2— relation betwc 
tical distribution and that of the > 
p. 6, E. I. 15. 

TJaBRESTBTATi MAQNET: 
under Earth, 

l^lECUJjLy as test of purity of i 
N. 

TREES : raining. Murray, p. 38, 
y. Schmidt, p. 52, B. 1859, 22. 



INDEX. 



'VENUS: influence on san-spoU. Stewart, 
p. 21, E. II. 1 2. 

WEAT HER. See nnder Climate. 

"WIND, p. 57, B. 1865, 9 ; p. 76, B. 1880, 33 ; 
1>.77,B. 1881, 11. Claridge, p. 15, B. 1827, 
3. Hopkins, p. 52, B. 1860, 12. Lcrerrier, 
p. 61, B. 1868, 16. Lommel, p. 67, B. 1873, 

' 23. Loomis, p. 74, B. 1879, 30; p. 75, B. 
1879, 77 ; p. 77, B. 1881, 5. Mohn, p. 70, B. 
1875, 27 ; p. 75, B. 1879, 56— antitrades, path 
<^ electrical auroral discharge. Stewart, De 
La Rire, p. 35, E. II. 36 — changes. Ansted. 
p. 96, N. 305 — as characteristic of different 
kinds of weather. Abercromby, p. 108-112, 
N. Ley, p. 134-137, N. — connection with 
biroiaetric condition. Abercromby, p. 115, 
K.— connection with climate. Hann, p. 63, 
B. 1870, 14— connection with terrestrial mag- 
netiun. Stewart, p. 105, N. — connection with 
weather. Strachan, p. 130, N. — connection 
with weather changes. Marie-Davy, p. 72, 
1877, 12 — course of northerly explained. 
. Sandeman, p. 46, B. 1851, 12 — cyclones, p. 
150, E. II. — cyclones; connection with »un- 
ipoU; p. 151, 152, E. II. 56. Trouvelot, 
p. 68. B. 1873, 60— cyclones : periodicity ; 
p. 151, 152, E. II. 56 — cyclones : relation to 
loUr heat. Stewart, p. 33, E. II. 32— hurri- 
cuei: influence of moon, p. 146, 147, E. II. 
43— influence of sun-spots : India, Archi- 
bald, p. 125, X. — influence on man. Kohl, 
, p. 70, B. 1875, 6 — influence of polar wind 
oa man. Mitchell, p. 62, B. 1869, 32 ; B. 
1869, 33 — maps: natural areas adopted, p. 
141, N. — ^method of investigation : synoptic. 
Abercromby, p. 116, N. — ^periodicity, p. 150, 



VmSTD-^contmued, 

E. II. ; periodicity : diurnal ; on lakes, p. 9, 
E. I. 17 — (lake Geneva). Plantamour, p. 9, 
E. I. 17— (lake Te Anau). McKerrow, p. f, 
E. I. 17 — periodicity ; diurnal : force (Bir- 
mingham). Osier, p. 89, E. I. 17. Pola, p. 8, 
E. I. 17 — periodicity ; diurnal : rotation of 
direction (Bombay). Chambers, p. 8, E. 1. 17. 
(Calcutta), p. 8, E. I. 17 (Gondar). Ruppell, 
p. 8, E. I. 17. (Pola), p. 8. E. I. 17— on sea 
coast, p. 8, E. I. 17 — tropics, p. 8, E. I. 17 — 
poles : coincidence of magnetic, heat, and wind 
poles and equators, p. 35, E. II. 36 — prognos- 
tications by clouds. Ley, p. 125, N. — prog- 
nostications of storms. Krecke, p. 53, B. 
1861, 21. Prestel, p. 54, B. 1862, 24— rates 
of progress of storm centres, p. 76, B. 1880, 
33— relation to cold in spring. Volta, p. 14, 
B. 1817, 4— rotation. Buys-Ballot, p. 59, B. 
1867, 8 — at sea. Ploix and Caspari, p. 70, 
B. 1875, 32 — storm beginnings; periodicity, 
diurnal ; Switzerland. Peters, p. 9, E. I. 17 
— storms; theorv. Mercurius, p. 39, B. 1834, 
13— trade. MuhVv, p. 68, B. 1873. 40 ; p. 69, 
B. 1874, 33. Typhoon : China Sea, p. 7'>, B. 
1879, 79 — typhoon.s : Japanese Sea, p. 75, B. 

1879, 79 — waterspout : Cape Spada, p. 70, B. 

1880, 33 — Antarctic regions. Maurv, p. 53, 
B. 1861, 22— Atlantic Ocean, p. 76, B. 1880, 
33. Indian Ocean, p. 76, B. 1880, 33. PaciHc 
Ocean, p. 76, B. 1880, 33. Scotland, Tav 
Bridg e, p. 76, B. 1883, 35. 

YEW : as test ofpurit v of air, p. 82, N. 
ZODIACAIj IiIGH^r : influence of ether. 

Wilcocks, p. 58, B. 1865, 43 ; p. 63j B. 1869, 

46. 
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ERRATA. 

The lines are reckoned from the top. 

p. 11, col. 2, line 25. For 2 read 3. 

„ „ 29. For 3 „ 4. 

p. 12, col. 1, line 10. For une read und, 

„ „ 33. Add Gilbert, Annalen, xiv. p. 348-363. 

„ col. 2, line 23. For VassaUiy Eaudi read Vassalli-EaudL 
p. 13, col. 1, line 37. For mforologischen read meteorolojischen, 

„ col. 2, lines 6, 16, and 33. For Osservazione read Osservaxioni, 
p. 14, col. 2, line 10. For 6 read 7. 

„ „ line 14. For 7 read 8. 
p. 16, col. 1, line 29. For phenomena read phenomenon, 
p. 18, line 12. For is read so. 
p. 39, col. 2, line 66. For David read Datid, 
p. 41, col. 2, line 7. For 253 read 353. 
p. 42, col. 1, line 64. Addi ."74-85. 

„ col. 2, line 38. For Sci read m/eteor, 

y, „ line 55. For 4 read 8. 

p. 45, col. 1, line 21. For Datid Alloys read David^ Aloys. 
p. 46, col. 1, line 31. For 8 read 10. 

„ ,, line 58, col. 2, line 38. For Ass, read As'. 
p. 49, col. 2, line 44. For 1851jread 1855. 
p. 51, col. 1, line 45. For 1856-7;read 1856, 3. 
p. 51, col. 1, line 47. For 7 read 9. 
p. 52, col. 1, line n2. For Jena read genu 

„ „ line 42. For Edouard read Edtcard, 
p. 55, col. 1, line 23. For Davbeney read Diwheny. 

„ col. 2, line 58. Insert experimental after An. 
p. 58, col. 2, line 24. For 656 read 646. 
l>. 63, col. 1, line 25. For T, D. read D, T, 

„ col. 2, line 45. For 1870 read 1870, 23. 

„ „ line 58. For ir. read r. 
p. 65, col. 2, line 10. For HVt^o/read Woeikoff, 

p. fi%, col. 1, line 60. For The Wt'nthcr Report read TJu: Weather, Report 
p. 71, col. 2, line 56. For xvii. read xti, 

„ „ line 59. Insert Soc. after Roy. 
p. 73, col. 1, line 26. Delete /. 

p. 74, col. 1, lines 47, 51. For Ifcllman read Jlellmonn, 
l*. 75, col. 1, line 47. For P. re.-id R. 
p. 76, col. 1, line 30. For Ann. read Am, 
p. 78, line 16. For 112 read 212. 

„ line 22. For 4 read 1. 
l-». 80, line 28. Insert vieic after hinVs eye. 
p. 88, line 36. For WelVs read Wells's, 
1>. 100, line 32. For /. read T. 
|». 119, last line. For procees read process, 
X^. 123, line 26. Insert as after 15. 
Ji. 124, line 18. For Afeyer read 3fyer, 
J). 126, line 40. For Vnlenita read V dentia. 
\>, 1 to, line 51. For immediatedly read immedi^itely. 
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AQUEOUS VAPOUB: BEMAEKS. 



his head will be grouped facts relating 
geographical distribution of aqueous 
^th that which is inrisible and that 
i partially condensed, as in clouds, 
;ts, dew and kindred phenomena. The 
» will be given under Water, not 
limate, except in a few cases for the 
of explaining climatic phenomena. The 
rapour notes also deal with other points, 
;he absolute amount of aqueous yapour 
tmosphere, the humidity or degree of 
)ii, and the variation of both these with 
bove the sea and the ground, reason, and 
)f day. They also take into account 
OS as to the rate of evaporation accord- 
nrcumstances, and clouds. The notes 
embrace facts relating to all the causes 
odify the amount and rate of variation 
ration, such as areas of water, nature 
id, whether covered with vegetation or 
other collateral matters. Plants and 
in many cases afford some indications of 
e of the air of a locality as regards 
, and hence facts relating to these which 
have a bearing on the subject are ad- 
ere. 
xplanation of the contractions for the 



various periodicals and books will be given when 
the first volume has been completed ; the follow- 
ing, however, may be mentioned here. Every 
item, whether it be a paper, or a volume, or a 
series of volumes, which has been examined, and 
the facts afforded by it placed in the magazine, 
is marked rti, if the article only has been read ; 
rp, if the volume has been analysed ; and rsj if 
the series has been searched ; but when such item 
has been perused too late for the insertion of the 
facts in their proper place in the previously 
published portion of the magazine, p is appended 
to these. In this case they become rap^ rvp, or 
rsp. These unpublished entries are entered in 
the manuscript notes, and will be available for 
the next edition. The date following the number 
of the volume in parentheses, is the date given 
on the titlepage of the volume. In the case of 
serials the separate numbers were published 
earlier. When the dates of these are known the 
notes are entered under the year of publication 
of the number. 

The bibliography for the years 1875 and 
onwards is deferred in order to allow of pub- 
lishers and authors sending in copies or notices 
of their more recent publications which relate 
to the subject of the present part. 
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Dates unknown. 

ddes, G. Rain, evaporation, and filtra- 

ro. (Lib. Geog. Soc^ 

B8ell,H.C. Table to faciliUte finding 

lidity of the air. Diagram. London. 

t. Soc) 

iwart, Balfour. Remarks on meteoro- 

eductions, with especial reference to the 

of vapour. 8vo. (Privately printed.) 

t. Soc.) 

1682. 

>bbe8, Thomas. Seven philosophical 
L London. 1682 (rp). 

1732. 
iTBten, C. Ii. Tentamina systematis 
nutationes Barometri et natura elateris 
aonstrandas, cui adjecta .... Dissertatio 
idua errorem antiquum et vulgarem per 
iones et experimenta nova ezcutiens. 
■ancofurti. 1732. 

1766. 
al, Bav. Edward. An historical 
)sophical account of the barometer or 
glass. 3rd Ed. 1766. (Lib. Met. Soo.) 

ABT n.— No, 7. 



1783. 

1. SaxiBBurey H. B. de. Essais sur I'hy- 
grom^rie. 4to. Keuchfttel. 1783. 

1784. 

1. SaUBBUrey H. B. de. Versuch uber die 
Hygrometrie. 8vo. pp. xii. — 432. Leipzig^ 
1784. [German translation.] 

1786. 

1. De liUOy J. A. Id^s sur la m^t^orologie. 
Tome 1. 8vo. London. 1786. 

2. Franklin, Benjamin. On hygro- 
meters. Ti*ans. Am. Phil. Soc, ii. p. 51-56. 
1786 (rtj). 

3. Oliver, A. Trans. Am. Phil. Soc, ii. 
1786 (ro). 

4. wuliams, Bev. Sam. Trans. Am. 
Phil. Soc, ii. 1786 (rp). 

1787. 

1. De IjUO, J. A. Neue Ideen Uber die 
Meteorologle. vol. i. 8vo. pp. 459. Berlin and 
Stettin, 1787. [Translation from French.] 

2. De IjUO, J. A. Iddcs sur la m^orologie. 
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1682. 

HobbeSy Thomas. (/?. 1682, 1.) 
{Page 26.) It is by the motion of the gun that fluid bodies are made to exhale oat of 
the earth. 

A. Tis very probable that the same action of the sun is that which from the sea and 
moist places of the earth, bat especially from the sea, fetcheth the water up into the 
clouds. 

(Page 45.) A. What is the original cause of rain ? 

B. The motion of the air, tending to the dutunion of the parts of the air, must needs 
cause a coutinual endeavour of whatsoever fluids there are upon the face of the earth 
and lea to supply the place which would else be empty. This makes the water, and 
alaoyery small and loose parts of the earth and sea, to rise and mingle themselves with 
the air, and to become mist and clouds, of which the greatest quantity arise there where 
there 18 most water, namely, from the large parts of the ocean : which are the South Sea, 
the Indian Sea, and the sea that divideth Europe and Africa from America, over which 
the sun for the greatest part of the year is perpendicular, and consequently raiseth a 
Sweater quantity of water, which afterwards gathered into clouds falls down in rain. 

A. If the sun can thus draw up the water, though but in small drops, why can it not 
aseasilyholditup? 

B. It is likely it would also hold them up if tbey did not grow greater by meeting 
together, nor were carried away by the air towards the Poles. 

A. What makes them gather together? 

B. It is not improbable that they are carried agtdnst hills, and there stopt till more 
OTertake them. And when they are carried towards thd north or south, where the force 
of the sun is more oblique and thereby weaker, they descend gently by their own weight 
And becaose they all tend to the centre of the earth, they must needs be united in their 
^7 for want of room and so grow bigger, and then it rains. 

(Page 56.) A. What breaketh the clouds when frozen ? 

B. In very hot weather the sun raiseth from the sea and all moist places abundance of 
^ter, and to a great height. And while this water hangs over us in clouds, or is again 
- {P(ige 57) descending, it raiseth other clouds, and it happens very often that they press 
^ air between them and squeeze it through the clouds themselves. [He seems to have 
^ idea of vaporisation. The essay is in the form of a dialogue, the interlocutors in 
vMch are called A and b,] 

1766. 

Batil, Bev. Edward. (B. 1766, 1.) 

(Page 16.) Boyle proved that the pressure is leasts when the air is most charged with 

(Page 26) clouds and vapours. It has been suggested that the difference in the air*s 

gravity proceeded from its being more or less charged with vapour. If this were the 

caoae of it there must be as much vapour in the air at a time as is equal to the weight of 

3 inches of mercury ; for so much do we commonly find the mercury to rise and fall. 

Onseqnently the vapours in the air at onoe will be equal to the weight of a column of 

CPoffe 27) water 42 inches in height, which is not only incredible but exceeds a year's 
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rainfall [in England]. The reason, then, why the air is heavier at one time than 
another, cannot be from the quantity of vapour floating in it When the air is heavy 
(Page 29) the vapours rise with the greater ease, and continue supported in larger 
quantities at a greater height from the surface of the earth. And this exhalation pro- 
ceeds partly from a subterraneous heat streaming out from the centre of the earth raising^ 
(Po^e 30) sometimes a sensible steam, but chiefly from the rays of the son, which^ 
falling obliquely upon the surface of the water, and being, many of them, reflected bade 
with minute aqueous particles adhering to them, or thin watery cases surrounding 
them, are by that means supposed to raise copious and continual exhalations froocr 
them. These vapours being rarefied to a great degree, and (as Dr. Halley and Mr^ 
Derham imagine) formed into real but imperceptible bubbles by the heat, and actuatei^ 
by the rays of the sun, grow specifically lighter than the air, and consequently moan 
rise till they come to an air of the same specific gravity with themselves, where the^ 
(Page 31) will rest. And thus in proportion to the weight of the air and the denaty 
or rarefaction of the vapours themselves they will either float near the surface of the 
earth under the appearance of mists or fogs, or else, mounting up out of sight they will 
range themselves in higher or lower regions of the atmosphere, suitably to their specific 
gravity, where they will rest. And if at any time during their suspension the state of 
the atmosphere varies by any attenuation or compression in the r^ons above, the 
situation of the vapours will in like manner range with it, either by a farther ascent 
upwards or depression downwards according as the weight of the atmosphere is increased 
or diminished. It is only of these steams, mists and vapours thus raised from tbe 
surface of the earth and sea, thus carried up and supported at different heights^ thus 
floating in seemingly large compacted bodies, and those confusedly driven together and 
accumulated by the winds, that the clouds are formed ; which are in reality no other 
(Page 32) than exalted mists. ranged above in higher or lower horizontal planes in 
pro|X>rtion to the comparative density or rarefaction of the vapours themselves with that 
(Page 33) of the atmoephere wherein they are buoyed Up. Such vapours as are raised 
up by the declining sun or hang near the surface of the earth, being condensed by the 
coldness of the nights, in the summer fall back as dews, and in the winter as hoary 
(Page 34) frosts. In what we call a black frost either the rise of the vapours is quite 
intercepted or rather they are raised too high to be reached and preciptated by the cold 
(Page 36) below. AVhen the wind turns the stream of clouds and vapours one way it 
(Page 37) soon clears the hemisphere [ = atmosphere]. The dryness of Peru and Chili may 
be ascribed to the accumulation of air there, the winds accumulating the air on the west 
(Page 38) side of the Andes. It is to an extraordinary attenuation of the air that we 
ascribe the sudden overcasting of the sky, when in a calm, sultry morning, without any 
visible clouds arising from below the horizon, a clear hemisphere (by the descent of the 
vft]^ours into the lower regions of the air) unexpectedly becomes hazy, thick and cloudy, 
(Page 42) and even sometimes misty and rainy. In misty or foggy weather (if it be 
of nny continuance) the glass is commonly observed to stand very high ; because the 
air is then usually still and presses wth its full perpendicular weight. Dr. Wallis is of 
opinion that the mists and vapours hanging thus in tbe air add to its pressure, which no 
(P'fge 43) doubt is true in general, because the collective body of the air and vapours 
taken together must weigh more than the air alone. And upon this account not on 
in misty, but in dark settled calm weather (when the vapours are raised and supported 
at a very great height ; and so equally and copiously dispersed that the sky appears 
uniformly thick and hazy in all quarters ; without the least gleam of sunshine breaking 
through or any cloud distinctly formed), in such a dense state of the atmosphere the 
weight of it is greatly increased, and the height of the mercury is usually near 30 
inches. But as soon as this state of the atmosphere changes either by the wind rising, 
the sun breaking out, or both together dispersing the hemisphere [canopy] of vapour, 
and forming many of them into large clouds sailing above, the mercury will In a few 
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UTS settle to 29) inches, aod sometimes to 29 inches. Hence it is ohservable that the 
neral and equal distribation of the vapours, whether in mists below or in a hazy sky 
ove, acts with a greater degree of pressure than any partial or unequal distribution of 
^age 44) them in clouds, which, whether suspended in the air or moving horizontally^ 
terrupt and take off some part of the perpendicular pressure from the regions above. That 
^age 45) the clouds do lessen the weight of the air seems proved by the following 
periments by Boyle. A piece of sponge suspended in equilibrio in sunshine becomes 
isvier when a cloud passes over, but returns to equililxium when the cloud has passed. 
^age 46) Boyle cites this as a proof of humidity, but it really indicates a decreased 
^age 47) heaviness in the air. Dr. Wallis accounts for the gradual sinking and low- 
» of the barometer in rainy weather by the air getting lighter in proportion to the 
lantity of the ialHng rains. If this were strictly and generally true, it will seem to 
How from thence that the glass should stand highest when the air is fullest of cloud» 
id vapouiB, because it is then most burdened, and lowest when the rains are quite over, 
icaose the air is then most lightened. But by experience the mercury is usually low 
doudy and rainy weather, because the air is then lighter, and may often be observed 
rise for several hours before the rains are over. I do not say Dr. Wallis' opinion i» 
^age 48) false, but only that is not absolutely true in all cases. When the regions> 
K>ve are calm, and at the same time crowded with clouds, discharging themselves in 
aivy and plentiful rains, the quantity falling will, it is reasonable to imagine, in some 
igree lessen the pressure of the atmosphere, because by the interposure of large and 
ilky clouds the free influx of the circumambient air is in some measure, and for some 
ne, intercepted and excluded ; but when the communication is open and the clouda 
oken or dissipated, the free and regular accession of new air will add more to the 
eoBure upon the stagnant mercury than the falling rains detract from it The highest 
^age 49) rise of the barometer must be ascribed to a concurrence of circumstances,, 
eluding the suspension of the vapours in the air, as also (as suggested by Boyle) to the 
*age 71) escsLjie of subterranean chinks during droughts. To what height the vapours- 
xnd does in a great measure depend upon the d^ee of heat wherewith they are 
tuated, and upon the lightness of the vapours themselves, upon the density of the air 
leiein they are buoyed up, and even sometimes upon the strength and force of the 
ads wherewith they are impelled. Some of them are so far attenuated and rise to so> 
!at a height as not to be distinctly visible, of which kind, in Sir Isaac Newton'a 
inioQ, are those that form by refraction the blue colour of the sky. Other vapours of 
prosser kind being compacted into clouds, and keeping for some time a fixed station in 
'ctge 72) the regions above, have (as Boyle tells us) been ordinarily measured to the 
ight of one-fourth or one-third of a mile, and some to half-a-mile ; but that very few^ 
i those of the whitest and in appearance the loftiest clouds, were upon trial found to 
above three-fourths of a mile in height. In France or Italy clouds have been 
lerved at 2000, 8000, or even 4000 geometrical paces high, but none have exceeded 

00 paces, or 6 miles in height. The same heights, or perhaps greater, might be some* 
les discovered here if observations were made. Thus the day after the storm of 1703^ 
;loud passed over Oxford which good mathematicians considered was at least five miles 
age 73) in height, judging by sight only. The cloud might have got such an impetus 
m the storm as to be carried in a straight line so as to rise higher above the eartfe 
noe, it may be, the cause of rain coming on with a fall of wind is that such clouds 
bave thus been carried on by an horizontal impulse, then fall, owing to their superior 
ige 74) gravity, and pass into rain. The cloud noticed by Ricciolus as being higher 
n the projected shadow of the earth, was probably a luminous cloud [=aurora]. 

Halley calculates that the Mediterranean may yield 5280 millions of tons of vapour 

1 day, and that with a drying wind for two or three rainless days the quantity sup- 
d and kepi in the air at once may be over 30,000 millions of tons of water. And 
his means it is possible for some parts of the atmosphere to be sometimes even 
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saturated or overcharged with vapours, which, as they afterwards happen either to be 
driven and dispereed or collected and accumulated by the vnnds, will accordingly pro- 
{Pcige 78) duce moderate or plentiful supplies of rain upon some parts of the continent 
{Page 82) or excessive quantities in others. Sometimes we may discover two distine 
squadrons of clouds floating at different heights, in streams of air directly contnry* 
sometimes the clouds meet and mix and increase all of a sudden in bulk and quantity 
(Page 83) The common hygroscopes depend altogether upon the moisture or dryness (U 
the air near the surface of the earth. If we suppose, as it sometimes happens, the 
(Page 84) lower region of the air to be moist when all above has a tendency to be fair 
and dry, or the lower region to be dry when all above has a tendency to wet weather, /( 
is certain that no conjectures taken from part of the atmosphere can be so well groonded 
as what is derived from the more general and prevailing quality of the whole [m, 
(Page 101) that shown by the barometer]. If in changeable or fair weather the sorfioe 
of the mercury appears to be concave the weather will in a few hours become cloudy, 
and sometimes rainy or windy. 

1786. 
Franklin, Benjamin. (B. 17S6, 2.) 

(Page 51.) Hygrometers have been defective owing to their being themselves colder 
(Page 52) or warmer than the air during sudden changes. Their sensitiveness is s 
disadvantage, as means can only be obtained by making constant observations day and 
night for long periods. A substance slow to acquire and part with moisture would be 
(Page 56) the best to make an hygrometer of. Such would be a piece of mahoguy 
fitted with movable hands and a marked scale. If these instruments were kept in the 
same place while making, and were graduated together, they would serve as comparable 
hygrometers, which would give the mean dryness of different countries. 

OUver, A. (B. 1786, 3.) 

(Page 88) Paper read January, 1774. Whatever the immediate cause of evaporation 
may be, it is certain that the superficial moisture of all bodies is perpetually exhaling 
in vapour, which ascends into the higher regions of the atmosphere where they gather 
(Page 89) together into clouds and at length recondense as dew, mist, or rain. Thoie 
vapours are either detached in streams from the humid ground by the influence of the 
sun, or thrown off by the perspiration of those infinite multitudes of animals and plants 
which cover the face of the earth, or supplied by evaporation from the ocean or other 
large collections of water. Considering the vast extent of the ocean and the comparatiTely 
small degree of moisture of.yrhich the dry land is susceptible, we may conclude that a 
very small proportion of the clouds which are formed in the atmosphere are exbakd 
from the latter, and that the ocean is the grand source from whence they principally 
(Page 90) derive their origin. Our natural senses convince us that sea air is always 
replete with moist vapours. These vapours are at first generally invisible, but when the 
weather is cold they are always visible, and appear like a steam arising from boiling 
water. (This is always the appearance in a clear still morning when Fahr. marks or 
(Page 100) lower.) If evaporation be performed independent of electricity should we 
(Page 108) not be enveloped in everlasting fogs ? The water raised from the sea 
beneath waterspouts is forced upwards in the finest globules by the intruding air into 
(Page 109) the warm electrical air expelled from below, where it becomes converted 
into vapour. These vapours will be greedily attacked by the craving particles of air, 
now deficient of electrical matter and form a dense cloud, in like manner as thunder 
clouds are formed over the land. This cloud will then be ready to discharge nin. 
(Note. The water raised up by waterspouts is salt, but descends fresh, so that it muit 
have undergone a natural distillation.) , r . 
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Wmiains, Bov. SamueL (B. 1786, 4.) 

[His experiments oq eTapomtion were made at Bradford in New England, but have 
general bearing.] 

(^Pag9 118.) The experiments were made in 1771. I filled the vessel at the 
iginniog of each month. I observed that in the beginning of the month, when the tube 
IS nearly filled, it exhaosted much faster than towards the latter end, when 1 or 2 
kches of water were evaporated ; and that the quantity of evaporation measured this 
rtycame out less than the quantity of rain that fell in the course of the year. In 1772 
examined the matter more carefully, and made the following experiments— 

Experiment 1. I procured two cylindrical vessels, 3 inches in diameter and 6 inches 
kep, as much alike as could be made. One I filled with water once a month, as I had 
doQe in 1771, the other with the same kind of water once a week, and placed them 
iboQt 6 inches apart, in such a manner as to be exposed to wind and sun, but covered 
from the rain* 'llie one filled once a week was exhausted about one-third more than 
the other. In January and February the difiference was a little less ; in 3farch and 
April a little more. In May the evaporation from the former was 6*35 inches; from 
(Po^UO) the other 4*1 inches. I was hence cenvinced that by neither of these 
methods ooold the quantity of water that really evaporates from the sea, etc, be 
nrrectly estimated. For in the one case, after about an inch has been exhausted the 
nr&oe is too much sheltered from the wind, while in the other the water has all the 
idnotsge of the wind and is heated by the sun and atmosphere to a greater degree than 
the water in seas, etc, and the quantity of evaporation comes out too much. 

Experiment 2. To measure the quantity more accurately I tried to ascertain what it 
ittlly was from the surface of a river. I filled one of the vessels with^river-water, and 
pieced it as before, llie second I floated on a board in the middle of the Merrimack 
Kirer, defending it from rain and dew by a disk of glass placed 8 inches above the tube, 
the mouth of which was half an inch above the surface of the river. My efibrts were 
iiffled by wind and waves ; but I succeeded in the week August 26 to September 2. 
Hiring that time there was little wind, still water, no rain, and no disturbances. The 
ibe was exhausted 1*15 inches. No water got in, as the surface of the board within 
inches of the tube was dry every morning and evening. In the other tube the evapo- 
itioo was 1 *5 inches, which gives a difiference of '35 inch. All the ktter evaporations 
wold be diminished in this proportion. 

Experiment 3. I next tried what the evaporation was from the surface of the earth. 
n September 14, two days after rain, I sank one of the vessels into the earth in a li^t 
il, so as to take up all the earth contained in a space equal to the contents of the 
9nL Having carefully weighed the vessel with the earth it contained, I fixed it in 
le ground in a plain open field, where it was exposed to wind and sun, but defendeil 
om rain and dew. At the end of seven days I took it up, and, weighing it again, found 

had lost 783 grains troy. The diameter of the vessel being 3 inches, its surface, 
KpreMed in whole numbers, was 9 squirt inches ; this gives 87 grains per square inch, 
r *34 inch that passed ofif in evaporation, reckoning 254 grains to a cubic inch of 
Po^e 121) water. In the other vessel the evaporation was 1 inch. The conclusion is 
Ittt the evaporation from the earth is but little more than one-third of the evaporation 
nxn water. 

Experiment 4. I next tried what the evaporation was from plants and trees. On 
Lagast 20 1 took up four different sorts of plants with as much of the earth adjoining 
Mm as wholly covered their roots. Each plant, with the earth about it, being 6 inches 
loan, I pat into a wooden box of the same size and form. The boxes were covered 
ith thin lead to prevent evaporation from them, and had two apertures at the top^ one 
r the item of the plant and one for watering it, which was stopped when not in uae. 
ftring taken the weight of each, I placed them on the ground. I added known 
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quantities of water, the amount being that presumed to be thrown off by them* At the 
end of thirty days I re-weighed them. The results were as follows : 



Apple tree •• 
Alder tree .. 


Weight of PUnt. 
•• 23 grains •• 


Water evaporated 
in 30 dJiys. 
•• 1271 grains. 


Spear mint .. 
Clover .. •• 




• a 5186 ,1 

.. 1894 „ 



{Page 122) or 10,944 grains from the four, or about 43 cubic inches in 30 days. The 
evaporation from the vessel suspended in air during the same time was 4*25 inches in 
depth. The quantity, therefore, thrown off by the plants was more than what the 
evaporation would have been from a watery surface 10 inches square. The evapontkn. 
from vegetation would therefore bo greater than from water over equal areas. 

1793. 

Dalton, J. [B. 1793. 1.) 

(Page ix.) De Luc*s idea of vapour seems not imlike mine. The hygrometer ii ua 
(Page 31) instrument meant to show the disposition^^of the air for attracting water, or for 
depositing the water it has in solution with it To ascertain the exact quantity of vilor 
in a given quantity of air, and also the disposition of the air for imbibing or depottUn^ 
(Page 41) it is an object highly important to meteorology. The supposition of tho 
clouds rising or falling with the barometer or as the density of the air inoeaaei or 
diminishes is not countenanced by Crosthwaite's observations on the cloods of 
Skiddaw. These observations also show that in very heavy and continued raini tlie 
clouds are mostly below the summit of the mountain (1050 yards) ; but it fnqjm&f 
(Page 98) rains when they are entirely above it. Prof. Musschenbroek ascribes the 
(Page 99) barometric variations to five causes, the fifth being that the air is loaded wilk 
(Page 100) or cleared of vapours and exhalations. As to the fifth cause it muitha 
allowed that water when changed into vapour constitutes a (lart of the atmosphere fori 
time, and weighs with it accordingly ; also that when the vapour is precipitated in foiB 
of rain the atmosphere loses the weight of it; but it would be hasty to condodl 
hence that where evaporation is going forward the barometer must rise, and where nil 
is falling it must fall also ; because air loaded with vapour is found to be specificillf 
(Page 101) lighter than without it. Evaporation, therefore, increases the bulk mi 
weight of the atmosphere at large, though it will not increase the weight over taf 
particular country if it displaces an equal bulk of air specifically heavier than Hk 
others ; and in like manner rain at any place may not diminish the weight of the i 
there, because the place of the vapour may be occupied by a portion of air specifics]^ 
heavier. It should seem, therefore, that when the air over any country is cleared of 
vapours, etc., the barometer ought to be higher than usual, and not lower. Clouds i 
(Page 103) never observed to be above four or five miles high. The barometdB 
fluctuations arc due mainly to changes in the density of the lower stratum of the ait 
(Page 104.) The more vapour air has in it the less is its specific gravity. Sauaeoii 
found by experiment that a cubic foot of air at a certain temperature will imbill 
12 grains of water, and every grain of water dissolved in air becomes an elastic fixai 
capable of supporting ^ in. of mercury, while its density to that of air is as 3 to i 
Priestley finds that gases of different specific qualities diffuse equally into each otb&j 
Sir B. Thomson foimd that moist air conducted heat better than dry air. A cubic M{ 
of dry air mixed with a cubic foot of moist air would form 2 cubic feet, and be tfj 
equal elasticity with the simples. Hence, then, a fluctuation of the density of thiiK.' 
may happen thus; if a current of warm and vapourised air flow into a bodjtf] 
cold and dry air it will displace a part of the cold air and diffuse itself among 
resti by which means the weight of the stratum wiU be diminished^ whilst itr 
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lad spring remain tha same ; and vice tfersdf if dry air flow into yapoarised air. The 
{Fag$ 106) first hct [that the barometer Taries little at the tropics] may be aooonnted 
for thus; — ^the warmer any air is, the more water it will imbibe in nmilar circom- 
itioces; hence the air over the torrid zone being the hottest will contain the 
iDOit vapoor; and the air about the poles being the coldest will contain the least. 
(Note. The terms moist air and vaponrised air denote air containing a great quantity 
of Tapoar inespectiye of its humidity.) Moreover as the heat within the torrid zone 
{Page 107) fluctuates little^ the variation of the barometer will be litde. As the air at 
iD times will endeavour to maintain a proportion of vapour suitable to its temperature, 
it follows that the air in general in the higher latitudes will then be both cold and dry, 
lodin the lower latitudes both warm and moist, relatively speaking. The consequence 
is obvious, that, as a current from one or the other hand prevails, the barometer will 
liae or fall accordingly, and the rise or fisill will be greater as the place is situate near to 
the extremes of temperature, because the air will in that case suffer the least change in 
its passage. In summer the heat all over the northern hemisphere is brought almost 
to an equality at the different parallels ; the whole mass of air is heated, swelled, and 
npienished with vapour ; the air over the northern regions is almost brought into the 
Bme state as within the tropics, and the barometer, therefore, has almost as little 
[Page 106) variation in that season here as there. As, independent of winds, heat and 
Doistaie will always be diffusing themselves in every direction where there is a deficiency 
if either, it seems impossible that the variations of the barometer should be local, though 
he amount of each fluctuation will not be the same at places considerably distant. The 
^cater nearness of the mean height of the barometer to the higher extreme in winter 
ban in summer may be thus explained. Moist air conducts heat better than dry air, and 
ilien the bwest extreme of the barometer happens, the air is moist, high winds generally 
nerail, and the atmosphere is much rufiSed by clouds and storms ; all these circumstances 
end to diffuse the heat and to diminish the rate of decrease of temperature with height. 
Page 110.) The mean weight of the column of air is thus lessened. The reason why 
Page 112) the low extreme at Kendal, in Jan. 1789, followed the high extreme, is as 
qUows. The extreme and long-continued cold preceding must have reduced the gross 
irt of the atmosphere unusually low, and condensed an extraordinary quantity of dry 
ir into the lower regions ; this air was succeeded by a warm and vapoury current coming 
ran the torrid zone before the higher regions, the mutations of which in temperature 
od density are slow, had time to acquire the heat, quantity of matter, and elevation 
Qsequent to such a change below ; these two circumstances meeting, namely, a low 
tnosphere, and the greater part of it constituted of light vapoury air, occasioned the 
ewire upon the earth's surficice to be so much reduced. Hence, then, it should seem 
) ought never to expect an extraordinary fall of the barometer imless when an extra- 
*affe 114) ordinary rise has preceded, or, at least, a long and severe frost. It does not 
pear that cold alone has a tendency to increase the mean weight over any place, if 
, it would be higher in winter than in summer contrary to experience ; if, therefore, 
5 mean state of the barometer be lower in the torrid zone than in the frigid zones, it 
age 119) is most probably effected by the vapoury air. The evaporation from the 
rbces of living vegetables is much greater than from the same space of land uncovered 
th v^etables. Evaporation and condensation of vapour are made subservient to the 
He equal diffusion of heat over the different climates and places ; evaporation Ixing 
at in the torrid zone, a vast portion of heat is absorbed and rendered insensible, 
, being carried northward or southward, the vapour is condensed and gives out its 
it again, which, being diffused in the atmosphere, augments its temperature very 
8^ 132) considerably. Evaporation is promoted by heat, dry air, and a decreased 
i^t or pressure of the atmosphere upon the evaporating surface. The first and 
jffe 157) second are known to have that effect, the last is proved to have such an 
tct by the air pump. Evaporation from land in general must be less tbm the rain 
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that falls upon land, otherwise there could be no rlTera. From a aeries of experiments 
made in 1793, 1 found the mean daily quantity evaporated from a vessel of water in a 
situation pretty well exposed to wind and sun for thirteen dajrs of March to be "033 in. 
depth, the greatest "064 in. ; for twenty-one days of April the mean daily quantity was 
*055 in., the greatest *1115 in. ; for twenty-six days of May the mean was *0755 io, 
the greatest *1346 in. ; for fourteen days of Juue the mean was *068 in., the gveateit 
"098 in. ; for eight days of July the mean was '122 in., the greatest '195 in. I neicr 
found the evaporation from water any summer much to exceed "2 in. in 24 boors in tfas 
hottest weather. From these experiments and other considerations it seems profasUs 
that the evaporation both from land and water in the temperate and frigid sones is not 
(P(ige 142) equal to the nun that &lls there even in summer. When a preci|ntatioii of 
vapour takes place, a multitude of exceedingly small drops form a cloud, mist, or iiog; 
these drops, though 800 times denser than the air, first descend very slowly owing Is 
the resistuice of the air, which produces a greater effect as the drops are smaller, as ths 
resistances are as the square of the diameters. From this it appears that doadB consiil* 
(Page 143) fug of very small drops may descend very slowly, which is agreeabls Is 
observation; if the drops in falling enter a stmtum of air capable of imbibing ywpm 
they may be re-dissolved, and the clouds not descend at all ; and if the ui^s ospaoilif 
for vapour increase they may be all imbibed and the cloud entirely vanish. On iSba 
other hand, if the precipitation goes forward, and the air below have ita full quantity sf 
vapour, the small drops meeting one another will coalesce and form large odh^ sad 
descend in the form of rain to the earth's surface. (Note. This account of the nstaif sf 
clouds and of the mode of their rimng and flBLlling was suggested by a friend.) Fvom Hm 
important observations on the height of the clouds [by Grosthwaite], we learn thattt^ 
are seldomer above the summit of Skiddaw in November, December, January, and M* 
ruary than in the other months ; this clearly indicates the effect of cold in restiahiiBg Hn 
ascent of vapour. Were the measurement extended above the summit qf the mountri^b 
it is probable from the apparent law of the table that there could not be many dbserratloM 
(P<ige 144) above 1300 yards in winter, nor above 2000 yards in summer. This, it mal 
be observed, relates only to the height of the under-surface of the gross doudiL Hi 
small white streaks of condensed vapour which appear on the face of the sky in mmm 
weather I have, by several careful observations, found to be from throe to five miles aboN 
earth's surface. When vapour is condensed into small drops upon the sur£M)e of bote 
on the ground it is called dew ; it differs from rain in being condensed on or near tha soH 
bodies receiving it, whereas rain is condensed in mid-air. At first sight it «B 
seem inconsistent that condensation of vapour should occur in the air resting on fli 
earth's surface, since it is generally supposed to be warmer than the air above ; haXf 
is a fact that after sunset and during the night in serene weather, the air is coldest it 
(Page 145) the earth's surface. And accordingly we find that dew and hoarfrost S0 
more copious in valleys than in elevated situations. That dew depends upon Ail 
circumstance can hardly be doubted, because, when clouds or winds prevent it, thsnii 
(Page 151) little or no dew formed. When the barometer is very high, the air il 
either very dry or cold, or both ; when very low it is very moist or warm, or hA 
(Page 196) Very dark and dense clouds pass over without rain when the barometerll 
high ; whereas, when the barometer is low, it sometimes rains almost without sil 
(Page 202) appearance of clouds. The condensation of vapour exposed to the oomoHft^ 
air does not in any manner depend upon the pressure of the air. The tempentois 
the air bears a relation to the condensation of vapour. Though the pressure of 
air does not promote condensation, yet when the pressure is removed evaporetknil 
promoted. 
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Welli» W. a (B. ISIB, I.) 

{Page 122.) The fleoood edition of < An Essay on Dew/ published in 1815, differa 
DIB the first chiefly in the form of several ezpressions» such as ** repletion with 
ttitiiie,*' instead of ** satuimtion with moisture,** as my theory is inconsistent with the 
b of air being capaUe of dissolving water. In 1788, Patrick Wilson suggested that 
1^ 123) hoaifirost was attended with the production of cold ; and in the same year 
X mentioQed, in a paper communicated to the Royal Society, that on clear and dewy 
pbts the thermometer on the ground in a meadow was lower than one suspended.six 
tahove it. Six attributed the cold partly to the low temperature of the air through 
age 124) which the dew had fallen, and partly to the evaporation of moisture from 
! ground. An e^mment, in the autumn of 1811, induced me to investigate the 
jeet After giving some attention to it, I began to suspect that Wilson, Six, and 
idf were in error in ascribing the cold to the formation of dew, and arrived at the 
o^e 127) coodusions given in the present essay. Aristotle remarked that dew only 
xsis on calm and serene nights. Musschenbroek .says that dew forms in Holland 
ile the snrfiioe is covered with a low mist ; but as he mentions at the same time that 
is depauted on all bodies indiBcriminately, the moisture of which he speaks cannot 
iparly be called dew. Other writers have also regarded clearness of the air as not 
Dg veqaisite for the production of dew, misled, probably, by observing on misty 
lys 128) mornings copious dews which had been produoad during preceding clear 
^ I never knew dew to be abundant except in clear weather. In regard to the 
»Btj of the air being still, Prieur is the only author who rejects it, and he affirms 
It a fresh wind is requisite lor the production of dew. The remark of Aristotle, 
■eiv^ is not to be received in its strictest sense, as I have frequently found a small 
Mlitj of dew on grass, both on windy nights if the sky was clear, or nearly so, and 
doudy nights, if there was no wind. If, indeed, the clouds were high and the 
ither calm, I have sometimes seen on grass, though the sky was entirely hidden, no 
7 incocisiderable quantity of dew. Again, according to my observation, entire 
iDesi of atmosphere is so &r from being necessary for the formation of this fluid that 
quantity has seemed to me to be increased by a very gentle motion in the air. Dew, 
pever, has never been seen by me on nights both cloudy and windy. If in the 
ige 129) course of the night the weather, from being calm and serene, should become 
dy and cloudy, not only will dew cease to form, but that which has formed will 
ff disappear or diminish considerably. In calm weather, if the sky be partially 
xed with clouds, more dew ¥rill appear than if it were entirely covered, but less thim 
b were entirely cleared. Dew, probably, begins in this country [= England] to 
Bsr upon grass, in places shaded from the sun during clear and calm weather, soon 
r the heat of the atmosphere has declined. I have had few opportunities for making 
i observations, but 1 have frequently felt grass moist, in dry weather, several hours 
le sunset. On the other hand, I have scarcely ever known dew to be present in 
I quantity upon grass as to exhibit visible drops before the sun was very near the 
SOD, or to be very copious till some time after sunset. It also continues to form in 
led places after sunrise ; but the interval between sunrise and its ceasing to form is, 
rdi^g to my observation, which upon this point has not been extensive, considerably 
ter than that between its first appearance in the afternoon and sunset Contrary, 
^e 130) however, to what happens at simset, if the weather be favourable, more 
forms a little before, and in shaded places a little after, sunrise than at any other 
i. Musschenbroek, Uierefore, errs greatly when he says that dew does not form 
' the sun has risen. The preceding observations on the early appearance of dew in 
ifiemoon, are to be restricted to what happens to grass or other substances highly 
ictive of dew placed on the ground ; for it occurs much later on similar substances 
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which are elevated a few feet above the gronndy though upon these it oontiiiues to fom 
as long after the rising of the sun as upon the others, if they be equally sheltered from 
the rays of that body. The formation of dew, after it has once commenced, oontinaes 
during the whole night if the weather remains still and serene. Prieur, indeed, ancrti 
that dew forms only in the evening, and that any which occurs in the former teasoii 
always disappears in the course of the night I can affirm, however, from long experi- 
ence, that grass, after having been dewed in the evening, is never found dry till after 
sunrise, unless the weather has in the meantime changed. Upon one serene and still 
night I placed fresh parcels of wool upon grass every hour, and by weighing eidi 
{Page 131) of them after exposure for an hour found that they had all attracted denr. 
During nights that are equally clear and calm dew often appears in very unequii 
quantities, even after allowance has been made for any difference in their lengths. Ooft 
great source of these differences is very obvious. For it being obvious that the more 
replete the atmosphere is with moisture the more copious will the precipitatimi be ifbm 
the causes forming dew are in operation, and that all the circumstances which tend to 
(Page 132) increase the quantity of moisture must likewise tend to increase the quantity 
of dew. Thus dew, in equally calm and clear nights, is more abundant shortly after 
rain than during a long tract of dry weather. It is more abundant also thron^ioni 
Europe, with perhaps a few exceptions, and in some parts of Asia and Africa, during 
southerly and westerly winds, than during those which blow from the north and cot. 
Aristotle says that Pontus is the only country in which dew is more copious during 
a northerly than during a southerly wind. But a similar fact occurs in Egypt. Both 
cases, however, though contrary to the letter, are consonant with the spirit of the mk; 
since the north wind in the one country proceeds from the Euxine Sea, and in the oilMr 
ftt>m the Mediterranean. Another circumstance of the same kind with the blowing of j 
the wind from the south and west, as showing that the air contains much moistnrfl^ is 
the lessening of the weight of the atmosphere. My ex^ierience, indeed, on this point 
has not been great, as the falling of the barometer is very commonly attended viih 
(Page 133) wind or clouds, both unfavourable to the production of dew ; bat still 
the greatest dews 1 have ever witnessed occurred while the barometer was sinking. A 
corresponding observation was made by De Luc, who says that rain may be foietoid 
when dew is uncommonly abundant in relation to the season and climate. To the 
greater or less quantity of moisture in the atmosphere, at the time of the action of tlis 
immediate cause of dew, are to be referred several facts respecting its oopiousneM, tiis 
explanation of which is, perhaps, not quite so apparent as in the preceding examples 
In the first place, dew is commonly more plentiful in spring and autumn than is 
summer; the reason is, that a greater difference is generally found between Hb 
temperatures of the day and night in the former seasons of the year than in the latto. 
In spring, this circumstance is often prevented from having a considerable effect by tin 
opposite influence of northerly and easterly winds ; but during still and serene nig)its is 
autumn dew is almost always highly abundant. In the second place, dew is always 
very copious in those clear and calm nights which are followed by misty or fogff 
(Page 134) mornings, the turbidness of the air in the morning showing that it nnut 
have contained during the preceding night a considerable quantity of moisture. Thirdlji 
I have observed dew to be unusually plentiful on clear mornings which had succeeded a 
cloudy night ; for the air, having in the course of the night lost, little or no moistnn^ 
was in the morning more charged with watery vapour than it would have been if tbe 
night had also been clear. Fourthly, heat of the atmosphere, if other circumstances an 
favourable — which, according to my experience, they seldom are in this country- 
occasions a great formation of dew. For as the power of the air to retain watery vaponr 
in a pellucid state increases considerably faster while its temperature is rising in 
proportion to the heat acquired, a decrease of heat, in any small given quantity during 
the nighty must bring it» if the temperature be high, much nearer to the point of 
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lepletiony before it be acted upon by the immediate cause of dew, than if the temperature 

be low. We read, accordingly, in the writings of those who have travelled into hot 

dimates of a copiousness of dew frequently observed by them there, which very much 

exoeeds what occurs at any time in this country. But even here, dew, though for the 

VKat part scanty in our hottest season, is sometimes very abundant during it ; an 

(Fagt 135) example of which occurred to me on the night common to the 29th and 

3(Hh of July, 1813 ; for on that night, notwithstanding its shortness, more dew appeared 

than his ever been observed by me on any other. In the last place, I always found 

vbea the clearness and stillness of the air were the same, that more dew was formed 

between midnight and sunrise than between sunset and midnight, though the positive 

qiuntity of moisture in the air must have been less in the former than in the latter 

time, in consequence of a previous precipitation of part of it The reason, no doubt, is 

the oold of the atmosphere being greater in the latter than in the prior part of the night. 

But there are many circumstances influencing the quantity of dew, though much more 

opea to accurate observation, are yet much less easy to be understood. In my first 

^ttonptf to compare the quantity of dew formed during different times or in different 

fltDstioDs, I attended only to the appearance which it made on bodies having smooth 

anftoes. But quickly seeing this method to be very imperfect, I next employed wool 

(A^ 136) to collect dew from the atmosphere, and found it well adapted for my 

pvpon, as it readily admits amongst its fibres the moisture which forms on its outer 

|Krt% and retains what it receives so firmly that I never but once had occasion to 

ttpect that it suffered any portion of what it had thus acquired to pass entirely 

tkroagh it. The wool which I used was white, moderately fine, and already imbued 

vith a little moisture from having been long exposed to the air of a room in which no 

^ was kept. I divided it into parcels of 10 grains each, and immediately before 

CKpoBore pulled the fibres of every parcel somewhat asunder, so as to give it the form of 

a flattened sphere, the greatest diameter of which was about 2 inches. The parcels, 

probably, differed a little in size, but not enough so to affect the accuracy of the 

experiments, which were made in a garden in Surrey, about three miles from Blackfriars 

(Poffe 137) Bridge, but not more than li mile from a densely-built part of the 

saburba on the south side of the Thames. The garden was level, and nearly half an acre 

in extent, Ac one end was a dwelling-house, at the other a range of low buildings ; on 

one aide a row of high trees, on the other a low fence dividing it from another garden- 

Towards one end there was a grass plat, in length 62 feet, and nearly 16 feet broad, the 

herbage of which was kept short by frequent mowing. The rest of the garden was 

employed for the production of culinary vegetables. All of these circumstances, however 

trifling they may appear, had an influence on my experiments, and most of them, as will 

hereafter be seen, must have rendered the results less remarkable than they would have 

been if they had occurred on a wide open plain considerably distant from a large city. I 

now proceed to relate the influence which several differences in the situation, mechanical 

atate, and real nature of bodies, have upon the production of dew. One general fact 

{Pa^ 138) relative to dtuation is, that whatever diminishes the view of the sky, 

as seen from the exposed body, occasions the quantity of dew which is formed upon it 

to be less than would have occurred if the exposure to the sky had been complete. I 

placed, on several clear and still nights, 10 grains of wool upon the middle of a painted 

board 4| feet long, 2 feet wide, and 1 inch thick, elevated 4 feet above the grass-plat by 

means of four slender props of equal height, and at the same time attached loosely 

10 gimina of wool to the middle part of its under side. The two parcels were ccnse- 

quently only an inch asunder, and were equally exposed to the action of the air. Upon 

ooe night, however, I found that the rxpjier parcel had gained 14 grains in weight, but 

the lower only 4. On a second night, the quantities* of moisture acquired by like 

jmrodM of wool in the same situations as in the first experiment were 19 grains and 

6 gnUDS; on a third, 11 and 2; on a fourth, 20 and 4; the smaller quantity being 
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always gained by the wool attached to the lower Bide of the board. I bent a sM 
of pasteboard into the shape of a house-roof, making the angle of flexure 90^, and letfi&g 
both ends open. This was placed one evening, with its ridge uppennost, upcai the 
{Page 139) same grass-plat, in the direction of the wind, as well as this oodd be 
ascertained. I then laid 10 grains of wool on the middle of that part of the giw 
which was sheltered by the roof, and the same quantity on another part of thegm- 
plat fully exposed to the sky. In the morning, the sheltered wool was foaod to 
have increased in weight only 2 grains, but that which had been exposed to theskj 
16 grains. In these experiments the view of the sky was almost entirely cut off fimii 
the situations in which little dew was formed. In others, where it was lesi sc^ the 
quantity gained was greater. Thus, 10 grains of wool, placed upon the spot of the 
grass-plat which was directly under the middle of the raised board, and which enjoyed, 
therefore, a considerable oblique view of the sky, acquired during one night 7, doiiog 
a second 9, and during a third 12 grains of moisture ; while the quantitlei gained 
during the same time by equal parcels of wool laid upon another part of the grut^ 
which was entirely exposed to the heavens, were 10, 16, and 20 grains. As no moutaxei 
Dalling like rain from the atmosphere could, in a calm night, have reached the mool 
in any of the situations where little dew was formed, it may be thought that the 
(^Piige 146) substances under which the wool was placed prevented, mechanically, tin 
access of that fluid. But on this supix)8ition it cannot be explained why some dev 
was always found in the most sheltered places, and why a considerable quantity 
occurred upon the grass under the middle of the raised board. A still stronger proof of 
the want of justness in this supposition is afforded by the following experiments I 
placed upright on a grass-plat a hollow cylinder of baked clay, the height of which vae 
2i feet and diameter 1 foot On the grass surrounded by the cylinder were laid 
10 grains of wool, which in this situation, as there was not the least wind, would have 
received as much rain as a like quantity of wool fully exposed to the sky. But ths 
quantity of moisture obtained by the wool surrounded by the cylinder was only a little 
more than 2 grains, while that acquired by 10 grains of fully exposed wool was 16. 
This occurred on the night during which the wool under the bent pasteboard gained 
only 2 grains of moisture. Dew will, however, in consequence of other varieties of 
rituation, form in very different quantities uix>n substances of the same kind, although 
these should be similarly exposed to the sky. In the first place, it is requisite for the 
{Page 141) most abundant formation of dew that the substance attracting it should 
rest on a stable horizontal body of some extent. Thus, upon one night, 10 grains of 
wool laid upon the raised board increased 20 grains in weight ; an equal quantity 
suspended in the open air 5^ feet above the ground, increased only 11 grains, not* 
withstanding that it presented a greater surface to the air than the other parcel. On 
another night, 10 grains of wool gained on the raised board 19 grains, but the same 
quantity suspended in the air on a level with the board only 13; and on a third, 
10 grains of wool acquired on the same board 2i grains of weight during the time in 
which other 10 grains hung in the air at the same height acciuired only half a grain. 
In the second place, the quantities of dew attracted by equal masses of wool, similarly 
exposed to the sky and resting on equally stable and extended bodies, oftentimes vary 
considerably in consequence of some difference in the other circumstances of these 
bodies. Ten grains of wool, for instance, having been placed upon the grass-plat on 
a dewy evening, 10 grains upon a gravel walk which bounded the grass-plat, and 
10 grains upon a bed of bare garden mould immediately adjoining the gravel walk, in the 
{Pctge 142) morning the wool on the grass was found to have increased 16 grains in 
weight, but that on the gravel walk only 9, and that on the garden mould only 8. On 
another night, during the time that 10 grains of wool laid upon grass acquired 2i grains 
of moisture, the same quantity gained only half a grain upon the bed of garden mould; 
and a like quantity placed upon the gravel walk received no accession of weight what* 
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r. Two objectkms will probaUy be made agiioit the aocnracy of these experi- 
Its with wooL One ii^ that wool placed on gnn may, by a kind of capillary 
ictkm, reouTe dew pretioiuly formed on the graat in addition to its own. To this 
iswer, that wool in a chioa saucer, jdaced on the grass, acquired very nearly as much 
ght as an equal pared immediately touching the grass. The second objection is 
t a part of the increased wdght in the wool might arise from its imbibing moisture as 
lygrosoopic substance. I do not deny that some weight was given to the wool in 
g way; but it may safely be afiSrmed that this quantity must have been very small. 
r, oa very cloudy nights, apparently the best fitted to increase the weight of 
grosoopic substsnces, wool upon the raised board would in the course of many hours 
aye li3) acquire little or no weight; and in London I have never found 10 grains 
wool, exposed to the air on the outside of one of my chamber windows, to increase 
nog a whole night more than half a grain in weight When this weight was gained 
e wsather was dear and still ; if the weather was cloudy and windy the wool received 
te ksi or no weight. This window is so situated as to be in great measure deprived 
tin sspect of the sky. It being shown that wool, though highly attractive of dew, 
M pRfented, by the mere vicinity of a gravel-walk, or a bed of garden mould, for 
oly a small part of it actually touched those bodies, from acquiring nearly as much 
nr as an equal parcel laid upon grass, it may be readily inferred that little was 
imed upon themselves. In confirmation of this conclusion I shall mention that I 
ivcr SMT dew upon dther of them. Auother fact of the same kind is that, while 
itonuDg to London from the scene of my experiments, about sunrise, I never observed, 
tlie stmoephero was clear, the public road or any stone pavement on either side of it 
» be moistened with dew, though grass within a few feet of it, and painted doors and 
iodows not fiur from it, were frequently very wet If, indeed, there was a foggy 
oming after a dear and calm night, even the streets of London would sometimes be 
^a§e 144) moist though they had been dry the day before, and no rain had in the 
BinwhUe fitllen. This entire, or almost entire, freedom of certain situations from dew 
peods, however, mudi more upon extraneous circumstances than upon the nature of 
) sobstanoes found there ; for river sand, though of the same nature with gravel, when 
ced upon the raised board, or upon grass, attracted dew copiously. A third dififer- 
e, from dtuation, in the quantity of dew collected by similar bodies, similarly 
used to the sky, depends upon their position with respect to the ground. Thus, a 
stance placed several feet above the ground, though in this situation later dewed 
n if it touched the earth, would, notwithstanding if it lay upon a stable body of 
le extent, such as the raiKod board lately mentioned, acquire more dew during a 
f still night than a similar substance lying on grass. A fourth difference of this 
i occurred among bodies placed on different parts of the raised board. For one that 
; placed at the leeward end of it generally acquired more dew than a similar body 
he windward extremity. Differences in the mechanical state of bodies, though all 
;r drcumstances be similar, has likewise an effect on the quantity of dew which 
f attract. Thus, more dew is formed upon fine shaviogd of wood than upon a thick 
^ 145) piece of the same substance. It is chiefly for a similar reason, I believe, 
; fine raw silk, fine unwrought cotton and flax were found by me to attract some- 
it more dew than the wool I employed, the fibres of which were thicker than those 
tie other substances just mentioned. Bright metals attract dew much less Power- 
PC than other bodies. Musschenbroek was the first who distinctly remarked this 
diarity of metals, but Dufay, I bdieve, published it before him (1736), referring at 
same time the discovery to the proper author. Both Musschenbroek and Dufay, 
ever, made too large an inference from their exi^eriments, for they asserted that 
never appears on the upper surface of bright metals, whereas the contrary has since 
i observed by many persons, and I have myself known dew to form on gold, silver, 
^ 146) copper, platina, iron, steel, zinc and lead. Dew, however, when it does 
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form upon metals commonly stiUies only the lustre of their sur&oe ; and, even when it is 
sufficiently abundant to gather into drops^ these are always small and distinct. Two 
other facts of the same kind are ; first, that the dew which has formed upon metal wiU 
often disappear, while other substances in their neighbourhood remain wet; sod 
secondly, that a metal which has been purposely moistened will often become diy, 
though similarly exposed with bodies which are attracting dew. This inaptitude ta 
attract dew in metals is communicated to bodies of a very different nature, which toodi 
or are near to them. For I have found that wool laid upon a metal will aoquirs much 
less dew than an equal quantity laid upon grass in the immediate vicinity. A 
large metallic plate laid upon grass resists the formation of dew more powerfully thn 
a very small one similarly situated. I conclude, from various collateral fiicta^ that a ood- 
siderable difference in the thickness of two pieces of metal, exposing equal surfaceB to 
the sky, will be attended with a similar consequence wherever they be placed, thoo^ 
I have no observation which proves this directly. If, however, a large and a very smill 
{Page 147) plate be suspended horizontally in the air at the same height, the small 
plate will resist the formation of dew more powerfully than the large. If a metid be 
closely attached to a substance of some thickness, which attracts dew powerfully, tlie 
attraction of the metal itself for dew, instead of being increased from this circnmstano^ 
becomes diminished, provided the metal covers the whole of the upper surface of the 
other body. If only a part of this body be covered the production of dew on the metil 
is forwarded by the conjunction, and this somewhat in proportion to the quantitj of 
surface in the body left imcovered. The justness of the first of these observatioDi k 
proved by the following experiment. I joined, in the form of a cross, two pieces of foy 
light wood, each 4 inches long, one-third of an inch broad, and one line thick. Tooos 
side of the cross I fastened, by means of mucilage, a square piece of gilt paper, and then 
exposed the instrument to the sky, with its metallic side uppermost, on a dewy ni^t» in 
a horizontal position, about 6 inches above the ground. A few hours after the 
unattached part of the metalled paper was found covered with drops of dew, while thoM 
parts which adhered to the cross were dry. A large metallic plate laid upon grass was 
{FcLge 148) dewed with more difficulty on its upper surface than a similar plate elevated 
a few inches above the grass by means of slender props which allowed the air to ps0 
freely under the metal. But the case with respect to small pieces was the reverse; fo 
I have often seen covered with dew the metallic sheath of a small thermometer lying 
upon grass, while the similar sheath of another thermometer suspended in the air 
remained dry. Removing a metal several times in the course of the night from one part 
of the grass-plat to another facilitated its being dewed. The same effect was prodneed 
on gilt and silvered jiaper by first exposing them to the sky for some time with the 
bare side uppermost, and then turning them. If a piece of glass, covered on one aide 
with a metal, be placed upon the ground with this side downward, the upper suiftoe 
wjll attract dew precisely as if no metal were attached to the lower surface. The upper 
surfiaces of metals are most readily and most copiously dewed on those nights and on 
those parts of the night during which other substances are the most readily and the 
most copiously dewed. If a metallic plate has been laid upon glass before dew began to 
form anywhere, its lower side, notwithstanding, always became moist in the coarse of 
{Page 149) the night ; and the same effect was almost always observed if the plate 
had been placed horizontally in the air, a few inches above the grass. While ths 
undersides were thus moist the upper surfaces were very often dry. If, however, tiie 
plate was elevated several feet in the air, the condition of both sides was always tha 
same, whether this was dry or moist. The remarks hitherto made on the relation of 
metal to dew, apply to the class generally ; but it is now to be mentioned that they do 
not all resist the formation of that fluid with the same force. I saw, for exampK 
platina one night distinctly dewed, while gold, silver, copper and tin, thou^ aimilaiiy 
situated, were entirely dry ; and I have also several times seen these four metals fice 
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fiom dew, while iron, steel, zinc and lead were covered with it. I once supposed, in 
coDfleqoenoe of the difficulty with which metals are dewed, that they might in all* 
circumstances resist, in a greater degree than other bodies, the condensation of watery 
vapour upon their surface ; and I afterwards found that Le Boi (1751) asserts this to 
be the case. But having exposed at the same time to the steam of warm water 
{Page 150) pieces of glass and of metal I did not see that moisture formed in 
the least more readily upon the former than upon the latter. Sanssure came to 
the same conclusion. Le Roi sud that dew is never deposited by the air of cities.. 
With the view of testing this, 1 frequently exposed at night 10 grains of wool upon a 
slight wooden frame, placed in such a manner between the two ridges of the top of my 
house, which is situated in one of the most crowded districts of London, as to be 3 
feet distant from the nearest part of the roof. The event was that upon clear and calm 
eights dew was always acquired by the wool, though never in any considerable 
quantity ; probably, however, more from the wooden frame being nearly surrounded by 
mildings much more elevated than itself, than from any particular condition of the 
dr in cities. The formation of dew, in this situation, proceeded much less 
[Page 151) regularly than in the country. For upon one evening 10 grains of 
wool gained in it 3 grains of moisture in one hour and eighteen minutes, though 
'. scarcely ever knew a greater quantity to be collected by a similar parcel of 
wixA in the same place during a whole night. Dew may be obtained every fine 
svening upon grass in London. But as dew upon grass is said by Le Boi to proceed 
ram the ground and not from the atmosphere, the argument derived from its appearance 
here in cities against this assertion is thus eluded by him. From the time of Aristotle- 
Page 152) hoarfrost has justly been considered as frozen dew. Dew is often spoken of 
m being odd by popular writers, as Cicero and YirgiL I have found the ground 
Page 153) colder tlum the air some feet above it seveml degrees on dewy nights, some- 
Page 154) times as much as 14°. 1 did not speak in the preceding section of another 
>bscure state of the atmosphere, that occasioned by fog or mist, as the moisture deposited 
ittachet to all bodies indiscriminately, on which account 1 was unable to determine - 
ivhether or not dew forms during its continuance. But with respect to the connexion 
^ this oondition of the atmosphere with cold, 1 have to remark that 1 have several 
[Page 158) times on its appearance betwixt day-break and sunrise found the difference 
between thermometers on grass and in the air, which had been considerable during the 
night, to diminish considerably. 1 never, indeed, observed it to vanish. I have now>. 
however, reason to doubt the justness of this conclusion ; for on the evening of Jan. 1, 
1814, 1 found during a dense fog, while the weather was very calm, a thermometer 
lying on grass thickly covered with hoarfrost d° lower than another suspended in the 
air 4 feet above the former. On the following evening, when the air was equally calm, . 
bat the fog sufficiently attenuated to allow me to see that the sky was almost covered 
with doods, the difference between two thermometers, similarly placed with the former, . 
was only 1°. On comparing the observatious of these two evenings, I conclude that on 
the first few or no clouds existed above the fog, and consequently that fogs, if there be 
DO doods above them,*may in a very calm air admit of the appearance of a considerablo- 
d^iee of odd at night upon the surface of the earth in addition to that of the atmosphere. 
He mentions several other observations shewing that the greater the number of 
degrees the ground was colder than the, air above, the more abundant was the dew^ 
Dew, aocording to Aristotle, is a species of rain formed in the lower atmosphere in con- 
of its moisture being condensed by the cold of the night into minute drops. 
who published his treatise on dew in 1733 [1732], proved these opinions to be 
: for he found that bodies a little elevated in the air often become moist with 
lew, while similar bodies lying on the ground remain dry, though necessarily from their 
poaitiao as liable to be wetted by whatever falls from the heavens as the former* 
iiuKhanbcoek remarks that metals will be free from dew while other bodies attract it 
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(^Page 178) oojnonsly. Du&y ooncladed from thig that it might be an electrical pbeno- 
menoD, since it leaves ontonched the bodies which conduct electricity, while it appein 
upon those which transmit that influence. If dew were to collect on the latter only, iti 
quantity would never be sufficiently great to admit its being distinctly seen ; for the noo- 
conductors, as soon as they became in the least moist, would be changed into conductoiv, 
Charcoal, too, it is now known, though the best solid conductor of electricity after tbe 
metals, attracts dew very powerfully, and in the last place dew frequently forms upon 
metals themselves. Other authors have considered dew electrical for other reasoos; 
but there are several considerations which seem to me to prove that no inch opinion can 
be just. 1. When dew is produced in a clear atmosphere the portion of air by which 
it is deposited must necessarily be unable at that point to retain in a state of pellucid 
vapour all the moisture which it had immediately before held in that form. Bat I 
know of no experiment which shows that air by becoming positively electrical, which 
is said to be its condition on the evenings during which dew is most abundant, is 
(Page 179) rendered less able than it had previously been to contain watery vapour in 
a state of transparency. 2. Bodies in similar circumstances, as £Eur as electricity is coo- 
oemed, acquire very different quantities of dew. 8. Dew forms in different parts of the 
night in quantities no way proportioned to the degrees of electridty found in the 
atmosphere at the same times. Thus it is commonly more copious in the morning thsn 
in the evening, notwithstanding that the air is observed to be in the latter sessGn 
more highly electrical than in the former. 4. I have several nights held a glass bottle^ 
upon vih\ch dew was forming, close to the top of a Bennett's electrometer whidi had 
been previously kept in a dry place, but I never saw the slips of gold-leaf move in oon- 
eequenco. It is very probable, however, that more refined experiments will show that 
electrical appearances attend the production of dew. But th^ £su;ts that have been stated 
(Page 180) seem sufficient to establish that any such appearances which may be here- 
after remarked during the formation of dew, must be considered as the effects and not 
as the cause of the conversion of the watery vapour of a clear atmosphere into a fluid. A 
remaining argument applies equally to all the theories which have hitherto been made 
public on the cause of dew. This is that none of them include the important fact thatite 
production is attended with cold. Previous writers considered that the cold wasjcaused by 
the dew [see under, 1793. Dalton, pages 144, 145]. I began to doubt its truth on finding 
that bodies would sometimes become colder than the air without becoming dewed, and 
that when dew was formed, if different times were compared its quantity and the degree 
of cold which appeared with it were very far from being always in the same proportion 
(Page 181) to each other. At last I was convinced that dew is the production of a 
preceding cold in the substances upon which it appears. Wishing to obtain more 
striking proofs I instituted exi)eriments. I commenced these on the raised board as soon 
as the sun ceased to shine on it. The first day, Aug. 19, 1813, was a favourable one. 
There had been no rain for weeks, the wind was northerly, and the barometff 
was rising; all which indicated that the atmosphere contained little moisture. Hie 
air, too, was extremely still. The only appearance in the least unfavouiaUe 
was that the sky was not entirely free from clouds ; but these were few, 
of small extent, thin and high. At 6 h. 25 m., immediately after the bud 
had ceased to shine upon the spot where my experiments were to be carried 
on, though the time of its setting was still 47 minutes distant, I placed upon the 
raised board 10 grains of wool, and a small bag made of the skin of a swan's breuti 
with the down adhering, and stuffed with wool, the whole weighing 5 drachmi 
On each of these substances the naked bulb of a small but delicate thermometer was 
laid. A similar thermometer, with its bulb also naked, was suspended in the air over 
the grass-plat at the same height with the board. After an exposure of 20 minateN 
the wool was 7° colder thau the air, but the swan-down bag only 6°, no doubt ix^ 
consequence of its greater quantity of matter. Neither, however, had gained tha lea^^ 
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i aooordiDg to the sctles, which would tura to the one-flixteenth of a grain* 
ohservatioQS were repeateil several times daring the hour, at none of which, 

the last, was either the wool or swan-down fonnd in the least heavier than when 

183) first placed on the board. At this last observation the wool, though 
Ider than the air, was still without any increase in weight ; but the swan-dovm 

was 1^ colder than the wool, had gained half a grain. I again examined the 
Dmeter at 8h. 45m. The wool, which was still 9P colder than the air, had 

somewhat less than half a grain, and the swan-down, which was now 11)° colder 

185) than the mt, had gained 2 grains. I shall next apply the facts observed 
explanation of several atmospherical appearances. The variety in the quantities 
r which was found by me npon bodies of the same kind exposed to the air during 
ime time of the night, but in different situations, is now seen to have been 
med by the diversity of temperature which existed among them. The cold 
;ted with dew is not proportional to tho quantity of it The same degree of cold 

186) may be attended with much, wiitk little, or with no dew, according to 
usting state of the atmosphere in regard to moisture. The formation of dew 
XB heat. I infer this partly because very little dew appeared npon the two 

of the greatest cold I have ever observed upon the surface of the earth rela- 
to the temperature af the air, both of them haying occurred after a long tract 
' weather, and partly from the most dewy night I have ever seen having been 
ed during the greater part of it with no considerable degree of cold. On this 
the difference between the temperature of grass and of air was at first 7i°, the 
ring then not very abundant. But after the dew had become yery abundant, the 
noe of these temperatures never exceeded 4°, and was frequently only 3°. The 

188) less difference commonly observed between the temperature of grass and of 
the morning, than what occurs in the evening is likewise to be in part attributed 
p-eater quantity of dew appearing in the former than in the latter season. In 

189) very calm nights a portion of air, which comes in contact with cold grass, 
ot, when the surface is level, immediately quit it, more especially as this air has 
le speciOcally heavier than the higher, from a diminution of its heat, but will 
d horizontally, and be applied successively to different parts of the same sur* 

The air, therefore, which makes this progress must at length have no moisture 
precipitated, nnlew the cold of the grass which it touches should increase. Hence, 
&t measure, is to be explained why in such nights as have been just mentioned, 
kw was acquired by substances placed on the raised board than by others of the 
kind on the grass, though it began to form much sooner in the latter than in the 
r situation, those on the raised board having received air which had deposited less 

moisture. A reason is now also afforded why a slight agitation of the atmo» 
i, when very pregnant with moisture, should increase the quantity of dew, since 
parcels of air will hence be more frequently brought into contact with the cold 
e of the earth than if the atmosphere were entirely calm. Dew can never be 

190) formed in temperate climates upon the the naked parts of a living and 
ly human body during the night ; since their heat is never less in this season, 
:h climates, than that of the atmosphere. I have, in fact, never perceived dew on 
lart of my own body at night. On the other hand, in very hot countries the 
rered parts of a human body may sometimes, from being considerably colder than 
ir, condense the watery vapour of the atmosphere, and hence be covered with a 
lew, even in the daytime. 

(To he eontinued.) « 
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The rapid progress of science now going on is, in part, the result of the 
•great increase in the number of workers. This is accompanied by a larger 
•and larger host of scientific serials. The consequence is that the student 
finds an increasing difficulty in ascertaining what has been done, or is in 
'process of being accomplished, not only in his own special line of study, bat 
«lso, and more particularly, in such as do not immediately interest bim. 
Every student finds, from time to time, that he has a desire for full informa- 
iion on subjects in these outlying sciences, for the purpose of throwing light 
upon his special studies. The state of literature is such that he is firequently 
daunted by the difficulties attending his research, or, if he perseveres, he finds 
« great deal of time unnecessarily wasted. The remedy for this is the foca- 
lisation of knowledge round a series of centres. The two main steps in the 
process are, first, collection, and, next, classification. It is^ with thiB ulterior 
object in view, that all persons interested in meteorology are earnestly asked 
to forward their names and addresses, particuIarR as to the work they have done 
in meteorological and other sciences, their present lines of study, wajs in 
which help is desired, and any other items that may occur to them. These 
details will be classified, and, when the opportunity offers, selections from 
them will be published. The Conductor will exercise careful discretion in 
the selection, as also in the use he may make of the more private details. 
The first list will be published in November, 1883 ; but correspondents are 
requested to send in answers soon, in order to allow of ample time for 
their classification, and for their utilisation in private correspondence in the 
interests of correspondents. 

In order to prevent any misconception, it may be stated that the Con- 
ductor's object is solely to promote scientific union, and is no way intended 
to be of a charitable nature in any pecuniary sense. If there is a sufficient 
response to these requests, the same line of proceeding will hereafter he 
suggested, from time to time, for the students in other branches of science. 

Newspapers and scientific journals of all countries, willing to help in 
this matter, are asked to make the above requests known to their readers. 

Address, Conductor, ** Scientific Boll " office, 7 Bed Lion Court, Fleet 
Street, London, E.C. 
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Correspondence is invited on scientific svhjects of all hinds. In aU cases 
names and addresses shotdd he given ; hut these will not he published if the 
writers prefer noms de plume. The Conductor wiU not be responsible for the 
opinions expressed hy correspondents. AU communications should he addressed to 
ike Conductor of the " Scientific BoU;' 7 Bed Lion Court, Fleet Street, London, 

E.a 

Beplles to questions should be numbered in aocordance with the questions to which 
tbej refer. The contractions following the questions and answers indicate the class of notes 
to which they will ultimately bo assigned, and the place where full references will be given 
Id the details bearing upon them. 

M, Mammalia; B, Beptilia; L. Lepidoptera; 0, Orthoptera. 



Mimetic Resemblances axd Mimicrt in Animals. (Tiger, Leopard, Viverra, Crooodiles, 

Moths, and Mantis.^ 

Some sketches, illustrative of a remarkable case of a caterpillar belonging to a species of 
moth the name of which we have not been able to ascertain, have been sent to us by H. £. 
Peal, of Aideo, in Asam. The caterpillar has a striking resemblance to a species of Viverra 
inhabiting the same district. We are also indebted to the same correspondent for the 
foDowiog note. 

** The most general and interesting law, as far as I sec, in the mimicry of inanimate 
things by animals, or insects, is the remaining quite still till the last possible moment. I 
often pin moths ere they move, and catch butterflies with my fingers. The range that this 
quality takes is also much wider than is usually supposed ; not only is it for protection, as 
In* protective resemblance' (as when a caterpillar exactly resembles the buds it feeds on 
sod hves among) ; but also as a means of luring insects, as in the Mantis tliat resembles a 
Uoaoin. Again, the tiger imitates the whistle of the large Sambur deer here (to call it) so 
doady that only a trained ear can tell the difference. The leopard also imitates the smaller 
4eer. It is a common custom of all hunters to call deer by whistling with a leaf, and I have 
done it mysdfl Occasionally, as might be expected, a tiger, and not a deer, turns up at 
doee quarters, when the astonishment is mutual. The crocodile's eye and noso floating on 
<na muddy waters also exactly resembles the lumps of dirty foam so common here, and I 
have often, in my Bob Roy canoe, passed close to one and knew he would not move. There 
u A Viverra in these hills, so far unknown to me, but it catches hawks by hiding its body 
under a bare and veiy conspicuous branch of a tree, as in these hill-clearings, while it turns 
its tail over on top and keeps jerking it ; any hawk within range at once takes it for a 
squirrel, and, acting accordingly, gets caught" 

The statements respecting the Viverra depend upon the testimony of individuals 
belonging to the Naga tribe. 

The following questions are suggested by the above : — 

1. Are any other cases known of lepidopterous caterpillars resembling species of 
Hammalia? (Ul.) 



ANNOUNCEMENTS. 



2. Would zoaden sapply instances of oaien^Ufs resembling species belonging \ 
classes of animals than the Mammalian ? (L. 2.) 

8. What mimetic resemblances are there between caterpillars and the yarioa 
of plants, as twigs, bnds, etc ? (L. 3.) 

4. What instances are there of mimetic resemblances in MdntU and other genera 
same family to the leaves, stems, blossoms and other parts of plants ? The namefl 
animals and plants should be given, and such particulars as regards habits, etc, as » 
afford some explanation of the phenomena. (0. 1.) 

5. What instances are there of the Camivara imitating the call of their prey 
purpose of Inring them? (IL 1.) 

6. What instances are there amongst the reptiles of mimetic resemblance to vdb 
objects? (R.I.) 

7. What instances are there amongst the species of Viverra of cunning displayed 
purpose of inducing the near approach of prey ? (M. 2.) 

We shall be glad to have any other questions and notes on the subject. 



ANNOUNCEMENTS. 

Fftrt m. of the ** Sdentiflc Boll ** will be commenced, if life and health and sup 
granted to the Conductor, in 1883. In order that the bibliography may be as 
possible, authors and publishers are respectfully solicited to send copies of, or refers 
all their publications dealing with the barometrical condition of the air. 

As soon as 200 persons have expressed a wish to subscribe for any of the snbjec 
tioned below, the publication of that section of the ** Scientific Boll" will be fb 
commenced. The subscription price will be 7f. 6d. and 10«. for each volume, accor 
the residence of the subscriber is at home or abroad. Each volume will compri 
400 to 500 pages ; and each volume will, in most cases, contain two or more parts, 
which may be subscribed for separately. The extent of these parts will depend u 
amount of matter in hand, so that the subscription price for each cannot be fixed at 
but will be settled when the publication of each part is commenced. The follon 
list of the principal subjects : — 

Atmosphere, Water, Ocean, Bivers, Lakes, Glaciers, Land, Elevation and Sul 
of Land and Sea Bottom, Denudation, Orography, Earthquakes, Volcanoes, 1 
Minerals, Stratigraphy, Books, Plants generaUy and in classified groups ; Anima 
rally; Protoioa, Actinozoa, Hydrozoa, Echinodermata, Crustacea, Scolecida, A 
Mollusca, My riapoda, Arachnida, Bhynchota, Orthoptera, Diptera, Coleoptera, Lq)i 
Neuroptera, Hymenoptera, Pisces, Amphibia, Beptilia, Aves, Mammalia, and Man. 

Subscribers* names only are asked for now. Thd sending of these will not inv< 
pecuniary liability, but will simply be taken as implying that the senders take an 
in the work, and will probably undertake to subscribe when asked to do so. 
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1818. 

Well8» W. C. C(mcluded from page 205 (B, 1818, 1). 

190) Hygrometers formed of animal or yegetable substances, when exposed 
I sky at night, will become colder than the atmosphere, and hence, by 
; dew, or, according to an observation by Saussure, by merely cooling the 
pious to them, mark a degree of moisture beyond what the atmosphere 
contains. [See under 1786. — Franklin (Page 51).] This serves to explain 
^ation made by De Luc, that in serene and calm weather the humidity 

1) of the air, as determined by the hygrometer, increases about and after 
ith a greater rapidity than can be attributed to a diminution of the general 

2) heat of the atmosphere. Dew appears chiefly where it is most wanted, on 
nd low plants, avoiding in great measure rocks, bare earth, and considerable 

water. (Note. — 1 have no direct observation for this assertion concerning 
ble masses of water. But I hold it, notwithstanding, to be just ; because as 
3e surface of the water is in the least cooled by radiation, the particles com- 
must fall downwards from their increased gravity, and be replaced by others 
varmer. The whole mass, therefore, can never, in the course of a single night, 
mtly cooled to condense into dew any great quantity of the watery vapour of 
sphere. Besides, 1 have found that even a small mass of water sometimes 
DO weight from the reception of dew in the space of a whole night favourable 
t3) to the formation of that fluid.) Its production, too, tends to prevent the 
at might arise from its own cause, since the precipitation of water upon the 
rts of plants must lessen the cold on them which occasions it. The appearance 
not confined to any one part of the night, but occurs during its whole course, 
ms the most simple and efScacious ; for after one part of the air has deposited 
are on the colder surface of the earth, it is removed in consequence of that 
in the air which exists during its stillest states, and gives place to another 
B quantity of water undiminished ; and again, as the night proceeds, a portion 
vhich had before deposited all the moisture which circumstances at that 
mitted, is rendered fit, by the general increase of the cold of the atmo- 
3 give out a fresh parcel when it comes anew into contact with the ground. 
0.) The water deposited upon the earth during a fog at night may sometimes 
d from two different sources, one of which is a precipitation of moisture from 
Table part of the atmosphere in consequence of its general cold ; the other, a 
ation of dew, from the condensation, by means of the superficial cold of the 
)f the moisture of that part of the air which comes in contact with it. In such 
' things all bodies will become moist, but those especially which most readily 
Bw in clear weather. (Note. — The moisture observed at night by Musschen- 
Holland, and called by him dew, appears to me to have been of this nature.) 
.2) Wilson (1780) observed the prominent parts of various bodies to be crusted 
4) with hoar frost, while their more retired and massy parts were free from it. 
e hurtful effects of cold in hollow places may be in part due to the air being re- 
ere ; and consequently, as less dew is deposited, less heat will be extricated during 
lBT IL— No. 8. p 209 
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(Page 215) its formation. Pictot ascribed the greater cold upon plains than upon 
neighbouring hills to. the evaporation of moisture from the ground. To show that this 
is not 80, it need only be mentioned that the appearance never occurs in any considerable 
(Page 216) degree except upon such nights as are attended with some dew, and that its 
great degrees are commonly attended with a copious formation of that fluid ; since it 
cannot be thought that the same stratum of air will deposit moisture upon the ground 
from an insufficiency of heat at the very time it is receiving moisture from the ground 
in the state of pellucid vapour, as this supposes that it is not yet replete with water. 
(Page 226) Aristotle and Plutarch observed that dew is much less copious upon hills 
than upon plains. This may be explained thus. For allowing at first the surface of 
the ground to be in both positions equally colder than the air which is near to it, still, as 
the production of dew must be in proportion to the whole depression of the temperature 
(Page 227) of the air which furnishes it, below what its heat had been in the preceding 
day; and as one part of this depression, the general cooling of the atmosphere, is 
much more considerable on the plain than on the hill, moisture must necessarily be 
deposited more copiously in the former than in the latter place. If the greater agitation 
of the atmosphere, and the less quantity of moisture during clear weather in its higher 
region than in the lower, be added, it may readily be inferred that dew shall sometimes 
be altogether wanting upon a hill, thou^ abundant on a plain at its foot, agreeaUy to 
what has been actually observed by Mr. Jefferson. The leaves of trees often remain 
dry throughout the night, while those of grass are covered with dew. As this is a 
similar &ct to the smallness of dew on hills, I shall, in accounting for it, do little more 
than enumerate the circumstances on which it depends. The atmosphere is several 
degrees warmer near the upper parts of trees on dewy nights than dose to the ground. 
The air in the higher situation is more agitated than that in the lower. The air at a 
little distance from the ground, from being nearer to one of its sources c^ moisture, wiU 
on a calm evening contain more of it than that which surrounds the leaves <^ elevated 
(Page 228) trees. Only the leaves of the very tops of trees are fully expossd to the 
sky. The declension of the leaves from a horizontal position will occasion the air 
which has been cooled by them to slide quickly away and be succeeded by warmer 
parcels. The length of the branches of the trees, the tenderness of their twigs, and 
the pliancy of the footstalks of their leaves, will cause in the leaves an almost 
perpetual motion, even in states of the air that may be denominated calm. I have 
hence frequently heard, during the stillness of night, a rustling noise in the trees which 
formed one of the boundaries of the ordinary place of my observations, while the air 
below seemed without motion. Nearly in the same manner is to be explained why 
shrubs and bushes also receive dew more readily than lofty trees. Bright metals exposed 
to a clear sky in a calm night will be less dewed on their upper surface than other 
solid bodies, since of all bodies they will in such a situation lose the smallest quantity 
of heat by radiation to the heavens, at the same time that they are capable of receiving 
by conduction at least as much heat as any others from the atmosphere, and more 
than any others from the warmer solid substances which they happen to touch. If the 
(Page 229) exposed pieces of metal be not very small, another reason will contribute 
somewhat to their being later and less dewed than other solid substances. For, in 
consequence of their greater conducting power, dew cannot form upon them unless 
their whole mass be sufficiently cooled to condense -the watery vapour of the atmo- 
sphere ; while the same fluid will appear on a bad conductor of heat, though the parts 
a very little beneath the surface are warmer than the air. (Note. — I hence think it 
probable that dew will sometimes form on the bulb of a thermometer before the 
mercury in it is cooled below the temperature of the air. It seems certain to me also 
that dew may appear upon substances which, from the thinness of the layer of matter 
their cold is confined to, will produce little or no sensible effect upon a thermometer that 
is applied to them.) From the same ready passage of heat from one part of a metal 
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plate to another, a metallic plate suspended horizontally in the air several feet above the 

ground, will be found dewed on its lower side if the upper surface has become so, while 

the lower surfoce of other bodies, more attractive of dew, but worse condnctors of heat, 

are without dew in a similar situation. A metal placed at night in the air near to the 

ground is for the most part sufficiently cold to condense on its under side the vapour 

(Page 230) which arises from the warmer earth, while the upper surface may be dry 

from possessing the same or almost the same temperature as the atmosphere near to it. 

As the temperature of metals is never much below that of the neighbouring air, a 

slight diminution of their cold from radiation will often enable them to evaporate the 

dew which they had preyiously acquired, though other substances which had been more 

coded by radiation are still attracting dew. For a like reason, a metal which has been 

purpoaely wetted will often become dry at night, while other substances are becoming 

moist. A substance^ highly attractive of dew, will derive heat from it, and will 

therefore acquire less dew than an equal portion of the same substance laid upon grass. 

A large metallic plate will be less readily dewed while lying on grass than if it were 

placed in the air, though only a few inches above the grass, because in the former 

sitoatioQ it receives freely, by means of its great conducting power, heat from the earth, 

whereas when placed in the air it powerfully resists, by another property possessed in a 

great degree by bright metals, the entrance of heat radiated towards it by the grass 

(Page 231) beneath. Besides, the grass under the metal now has less heat than when 

in contact with it, partly from having a small oblique aspect of the sky, and partly 

ftom receiving air which has been cooled by passing over other grass fully exposed to 

the heavens. When a piece of metal, having closely applied to its under surface a 

substance of some thickness which attracts dew powerfully, and therefore imbibes 

readily heat that is radiant to it, is exposed to the sky at night, the heat supplied by 

the attached substance, both from its own original store and from what it has acquired 

throa^ the radiation of the ground to it during the exposure, will enable this piece to 

rant loi^ger than a bare piece, the formation of dew, or even than another piece which 

has only a thin coat of matter cousiderably attractive of dew, attached to its under side. 

A very small metallic plate suspended in the air is less easily dewed than a large one 

nmilarly situated, as it receives, in proportion to its size, more heat from the atmosphere. 

Oq the other hand, a very small plate laid upon grass rendered cold by radiation will 

be sooner dewed than a larger one in the same situation, from presenting a greater 

(Page 232) proportional circumference to the surrouncUng grass, and, therefore, losing 

more quickly its heat by conduction. It will be also sooner dewed than another very 

small one suspended in the air, since the latter, like other small bodies similarly 

placed, mnst be continually acquiring more heat than the former. A piece of metal 

tpplied to different portions of cold grass in succession will sooner become cold itself 

than another piece which is suffered to remain constantly upon one portion of the same 

glass, and will in consequence be sooner dewed. If the bare side of a piece of metalled 

paper be exposed to a clear and calm sky at night it will become cold by radiation, and 

receive by conduction the heat of the inferior metallic surface ; whence, if this surface 

be afterwards made the upper one, it will sooner acquire dew than a similar metallic 

sor&ce which has been exposed to the sky during the whole of the experiment. When 

a metal covers in part only the upper surface of a piece of glass, the uncovered portion 

of the glass generally becomes cold by radiation on exposure to a serene sky in a still 

night, and then, by deriving [? drawing] to itself a part of the heat of the metal, 

iiocasions this body to be more readily dewed than if the whole of the exposed surface 

(Page 233) had been metallic. In this experiment the outer edge of the metallic 

sorikce, from being nearest to the colder glass, will be the first and most dewed, while 

the parts of the uncovered glass which are contiguous to the warmer metal will be the 

kat and the least dewed, of their respective substances. A piece of glass covered on one 

side with a metal being placed on the grass with this side down, its upper surface 
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attracts dew as readily as if no metal were attached to it, since the metal in this 
situation has no power to lessen the radiation of heat from the upper surface of the glass. 
I conclude, from general principles, that if the same piece of glass, having its metallic side 
still undermost, were raised in the air a little above the grass, it would be more readily 
dewed on its upper surface than if it had been without a metallic coating on the lower, 
as this coating must resist the introduction of heat radiated by the warmer grass, and 
thus preserve nearly undiminished the cold acquired from radiation of heat to the sky 
by the bare upper surface. The preceding remarks apply to the whole class of metals ; 
but the discoveries of Mr. Leslie, respecting the difference in the capacities of these 
bodies to radiate heat, furnish an explanation among themselves in regard to attraction 
(Page 234) for dew, which was noted in a former part of this essay ; gold, silver, copper 
and tin are there said to resist the formation of dew more strongly than other sub- 
stances of the same kind ; but these substances, according to Leslie, radiate heat the 
most sparingly. On the other hand, lead, iron and steel, which, according to the same 
author, radiate heat more copiously than the former metals, were found by me to 
acquire dew more readily. I do not know the radiating force of platina ; but as its con- 
ducting power is small, its radiation must be great ; and I have, accordingly, observed 
it to be dewed, while the four first mentioned metals were dry. (Note. — Ail tlie 
(^Page 235) observations on dew made by Prevost may be sccounted for by the two follow- 
ing circumstances : that substances become colder, by radiation, than the air before they 
attract dew; and that bright metals, when exposed to a clear sky at night, beoooie 
colder than the air much less readily than other bodies.) Thinking it probable that 
black bodies might radiate more heat to the sky at night than white, I placed upon 
grass, on five different evenings, equal parcels of black and white wooL On four of 
the succeeding mornings the black wool was found to have acquired a little moie dew 
than the white ; whence I inferred that it had, in consequence of its colour, radiated 
a little more heat. But I afterwards remarked that the white wool was somewhat 
(Page 236) coarser than the black, which circumstance alone was sufficient to occasion 
a difference in their quantities of moisture. Another night I laid on the raised board 
a piece of pasteboard covered with white paper, and close to this a second piece, similar 
to the former in every respect, except that it was covered with paper blackened with 
ink. At daylight I saw hoar-frost on both pieces, but the black seemed to have a 
greater quantity than the white. A doubt, however, afterwards arose upon the 
accuracy of this experiment likewise ; for as the light was faint when I viewed the two 
surfaces, the quantity of hoar-frost, though equal on both, might have appeared greater 
on the black than on the white, from the contrast of its colour with that of the former 
surface. But trials of this kind, as Leslie has observed, never afford firm conclusions ; 
since a black body must always differ from a white in one or more chemical properties, 
and this difference may cause a diversity with respect to radiant heat. 1 have 
{Page 237^ regarded dew as altogether derived from watery vapour previously diffused 
through the atmosphere. The establishment of a contrary opinion will not affect my 
conclusions. Other writers, however, have regarded dew as being entirely the product 
of the vapour emitted during the night by the earth and plants upon it According to 
this theory dew is said to rise. The first traces I have found of the opinion that 
dew rises from the earth at night, occurs in the ' History of ^the Academy of Sciences* 
[of Paris] for 1687. It is mentioned there briefly and obscurely. Oersten in 1733 
[1732] advanced it as new, and considered himself to be the author of it Musscheubioek 
embraced it, but soon admitted that dew sometimes falls. The only argument osed 
(Page 238) by the French academicians is, that as much dew is observed under sn 
inverted bell-glass as in any other situation. But admitting, for a moment, this to be 
true, they could not thus prove that the ground is the only source of that fluU 
Oersten was led to think that dew rises from the earth by often finding grass and lov 
shrubs moistened with it, while trees were drj*. But Lis chief argument is derived fiwa 
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the fact that a plate of metal laid upon hare earth, on a dewy Dight, will remain dry on 
its upper surfaoe while it hecomes moist on the lower. I have otherwise explained 
this. (Note. — I have ohserved, on a cloudy night, a piece of glass laid over an earthen 
pan containing water and placed upon the ground, to he wet on its lower side, while 
the upper was dry, the glass heing, in this situation, sufficiently cold to condense the 
vapour of water heated hy the earth, hut not enough so to condense the watery 
vapour of the atmosphere.) Gersten, moreover, descrihes several appearances him- 
self which refute his opinion. He maintains, for example, that the higher parts 
of shrubs are more dewed than the lower ; that metallic plates placed horizontally in 
the air are as much dewed on their superior as on their inferior surfaces ; and that 
convex and cylindrical bodies suspended in the air, the latter having a position parallel 
to the horizon, are dewed only on their upper parts. The principal reason given by 
Dufay for the rising of dew is, that it appears more early on bodies near to the earth 
{Paijt 241) than on those which are at a greater height. This also 1 have accounted 
for otherwise. Dew often occurs when the rising of vapour from the earth at night 
can have little or no operation. It appears from Hasselquist and Bruce that, in Egypt 
shortly before the rising of the Nile, and consequently when the ground there is in its 
driest state, dew becomes exceedingly plentiful, though little or none had appeared 
before, while the earth was somewhac less dry. The cause evidently is the moisture 
broui^ht from the Mediterranean by the north wind which then prevails. Webster, 
speaking of hoar-frost, candidly says : *' This frost appears when the surface of the 
earth is sealed with frost, and, of course, the vapour of which it is formed cannot, at 
the time, perspire from the earth." 1 have myself, at all seasons of the year, frequently 
observed wool upon the middle of the raised board, and therefore out of the way of 
vapour rising from the ground, to acquire more dew than wool laid upon the grass-plat. 
The bodies that condense the rising vapour must necessarily be colder than it ; but, as 
they are likewise, according to the opinion under view, of the same temperature with 
the air surrounding them, this also should condense the rising vapour. Dew, Uierefore, 
should never appear in any considerable quantity without being accompanied with fog 
or mist. Now, I can assert that the formation of the most abundant dew is consistent 
{Page 242) with a pellucid state of the atmosphere. Still, it must be admitted that 
some of the moisture which forms, during clear and still weather, on bodies situated 
upon or near its surfeu^, is in most cases to be attributed to this source ; since, in my 
experiments, substances on the raised board became much later moist than others on 
the ground, though equally cold with them. The quantity from this cause, however, 
can nevw be great. For, in the first place, until the air be cooled by the substances 
attractive of dew with which it comes in contact, below its point of repletion with 
moisture, it will be always in a condition to take up that which has been deposited on 
the grass or other low bodies by warm vapour emitted from the earth ; just as the 
moisture formed upon a mirror by our breath is, in temperate weather, almost imme- 
diately carried away by the surrounding air. Accordingly, 1 have sometimes, in 
serene and still weather, observed dew to appear sparingly upon gross, in the shade, 
several hours before sunset, when it would increase considerably at the time that the 
same fluid began to show itself on the raised board. In the second place, though bodies 
utoated on the ground, after they have been made sufficiently cold by radiation to 
coDdenae the vapour of the atmosphere, will be able to retain the moisture which they 
{J^agt 243) acquire by condensing the vapour of the earth ; yet before this happens the 
linog vapour must have been greatly diminished by the surface of the ground having 
become much colder. These considerations, added to the fact that substances on the 
ittsed board attracted rather more dew throughout the night than similar substances 
lying on the grass, warrant me to conclude that, on nights favourable to the produc- 
to of dew, only a very small part of what occurs is owing to vapour rising from the 
ttitk; though I am acquainted with no means of determimn^ lYie ^KO'^tWoii. ^l ^^ 
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part to the whole. On the other hand, however, in a cloudy night, all the dew thai 
appears upon grass may sometimes he attrihutcd to a condensation of the earth*s 
vapour, since 1 have several times, in such nights, remarked the raised board to be 
dry while the grass was moist. These nights were calm, and evaporation from grass, 
consequently, not copious. When evaporation, on cloudy nights, was assisted by wind, 
dew has never been anywhere observed by me. (Note. — ^The interval between the first 
appearance of dew in the afternoon on grass, in shaded places, and sunset, was formerly 
said by me, on the authority, however, only of a few observations, to be considerably 
{Page 244) greater than that between sunrise and the ceasing of the formation of dew 
upon grass in the morning. These observations were made on spots exposed during 
the greater part of the day to the sun. In such places the heat acquired from the sun 
by the uppermost layer of earth will be longer retained than that acquired by the grass, 
which will, therefore, be sufficiently cool soon after the heat of the day baa declined, 
to condense a part of the vapour then copiously rising from the earth ; whereas in the 
morning both less vapour will rise, the surface of the earth having now lost a great 
part of its heat, and a less proportion of that which does rise will be condensed by the 
grass, as the temperature of this body now more nearly approaches that of the ground, 
from first receiving the heat of the sun, reflected from the atmosphere and other 
substances.) Agreeably to another opinion, the dew found upon growing vegetables is 
the condensed vapour of the very plants on which it appears. But this also seems to 
me erroneous, for several reasons. Dew forms as copiously upon dead as upon liviog 
vegetable substances. The transpired humours of plants will be carried away by the 
wind which passes over them, when they are not sufficiently cold to condense the 
vapour contained in it, unless, which is almost never the case if mist dees notalreidj 
exist, the general mass of the atmosphere be incapable of receiving moisture in a 
pellucid form. Accordingly, on cloudy nights, when the air, consequently, can nerer 
be cooled more than a little below the point of repletion with moisture by bodies in I 
{Page 245) contact with it, dew is never observed upon any plants that are elevateds 
few feet above the ground. If a plant has become, by radiating its heat to the heavens, 
so cold as to be enabled to bring the air in contact with it below the point of rep1etx>D 
with moisture, that which forms upon it from its own transpiration will not then, indeed, 
evaporate. But other moisture will, at the same time, be communicated by the 
atmosphere ; and when the difference in the copiousness of these two sources is con- 
sidered, it may, I think, be safely concluded that almost the whole of the dew idiidi 
will afterwards form on the plant must be derived from the air, more especially when 
the coldness of a clear night, and the general inactivity of plants in the absence of lights 
both lessening their transpiration, are taken into account. An experiment, however, 
has been appealed to in proof that the dew of plants actually does originate from fluid 
transpired by them ; that, namely, in which a plant, shut up in an air-tight case, becomes 
covered with moisture. But this experiment, if attentively examined, will be found to 
bave little weight. First, the enclosed plant being exempt from the cold, which its own 
radiation would have produced in its natural situation, in a dewy night will transpire 
(Page 246) a greater quantity of fluid than a similar plant exposed at the same time in 
the open air. Again, the small (quantity of air contained in the case must soon be 
replete with the moisture, after which the whole of what is further emitted by the plant 
will necessarily assume the form of a fluid, whatever may be the condition of the 
external atmosphere ; whereas during the clearest night only a part of the smaller 
quantity of moisture emitted by the exposed plant will be condensed on its surface. In 
the last place, notwithstanding the circumstances which favour the appearance of 
moisture upon enclosed plants from their transpiration, still the quantity observed on 
them is said to be much less considerable than what is seen upon plants of the same 
kind exposed to the air for the same time during a calm and serene night. De Luc 
{Page 259) remarks that clouds frequently disappear soon after sunset I have also 
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noticed that the air is then calmer ; and that this calmness very commonly, if not always, 
precedes the dissipation of the clouds. 

L Thomson, ATinalB of Philosophy. {B, 1818, 2.) 

PhUo-ehemicus Oxonieneis. 

(Page 102) De Lnc*8 and Howard's explanations of the suspension of clouds are 
(^Poffe 103) not satisfactory. The quantity of moisture which the air is capable of 
dissolving must depend partly on the temperature and partly on the density of that 
fluid. Near the earth's surface the higher temperature of the air causes it to preserve a 
larger portion of aqueous vapour in an elastic form. In the most elevated regions, 
owing to the extreme rarity of the air, atmospheric pressure scarcely opposes any check 
to the natural tendency of water to assume an aeriform state, so that it remains in 
the form of vapour, independent, perhaps, of any chemical solution. Hence, as we 
asc^id in the atmosphere, the quantity of moisture held by it in solution must go on 
diminishing, until we arrive at that point beyond which the effect of the diminished 
pressure predominates over that of its chilliness ; so that from this point upwards the 
quantity of aqueous vapour goes on increasing. The medium point is the region of the 
doudsy which are known to occupy a certain height in the atmosphere, above which 
{Page 105) they rarely extend. Let us then suppose an ascending portion of air to 
have arrived at such a height that its diminished temperature no longer allows of its 
retaining the whole of the moisture it had dissolved when near the surface ; the conse- 
quence will be that ar portion of water is disengaged in the state of what is termed 
vesicular vapour, that is, holding intermixed with it a portion of atmospheric sdr. 
Kow, aa the air is considerably rarer at the height of two or three miles (the usual 
devation of the clouds) than nearer the surface, it may easily happen that the watery 
vesicles, in the progress of their descent, meet at length with a stratum of such density as 
to he just equivalent to the weight of the vesicular vapour joined with that of the air 
intermixed with it; they will remain suspended until the air within becoming of 
nearly equal density with the atmosphere without, or the particles coalescing into 
larger drops, the whole becomes too heavy for the atmosphere to support. The presence 
of intermixed air seems confirmed by the hollow found in the centre of hailstones ; and 
the flakes of snow, which fall so slowly through the air, owe their low specific gravity 
to the same cause. Cirri seem to be formed immediately from the disengagement of 
the Tesidilar vapour, and therefore to occupy that line of elevation at which the quantity 
(.Page 106) of moisture held in an aeriform state is at its minimum ; hence we see the 
reason why they continue for so long a time without having their density increased. 
Evaporation gpes on from the upper surface, while the ascending portions of the air are 
addisg to its bulk on the inferior ; and unless the latter exceeds the former the cloud 
will lenialn stationary. But when the quantity of vapour disengaged exceeds what is 
carried off fnnn it by evaporation, the vesicular vapour gravitates slowly downwards, 
and, inaesring in bulk as it descends, constitutes the cumulus. It would appear, then, 
that the eomulus usually occupies that line of elevation at which the atmosphere is 
exactly equivalent to the weight of the vesicular vapour joined with that of the air 
intermixed with it. 

[Thia is an amplification of ideas expressed at a much earlier date. See Notes, 1766. 
Ssol, pp. 30, 31.] 

1819. 

Dalton, JohxL (B, 1819, 1.) 

(JPaae 8.) From observations made at Manchester by myself, by Hutchinson at 
(Pogt 9) liTerpooly and by the Royal Society in London, it appears that from March 
(Paae 10) to September the weight of the air is heavier than from September to March. 
^ ^'^ ' SIS 
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(Page 11.) This seems to depend on the declination of the sun. The means by whid 

the effect is produced, I conceive, are these : the sun's action is constantly IncreasiDi 

the mass of aqueous vapour in the atmosphere during the period from the yemal to th 

autumnal equinox. That is, the whole mass of vapour existing in the air is dail; 

increasing, notwithstanding the quantity precipitated. This fact is verified by th 

constant rise of the vapour- point till September, after which it commonly decline 

pretty rapidly. Now it is obvious that the addition of aqueous vapour to the atmc 

sphere must add to the weight of the atmosphere, and this is, 1 imagine, the cause c 

the increase of its weight in that season. An opposite conclusion may be deduce 

from these premises, on the ground that, as aqueous vapour is specifically lighter tha 

air, the more there is of it the less is the weight in any given volume of air of give 

elasticity. But the aqueous vapour at most constitutes but one-fiftieth part of th 

atmosphere, and any excess of this which may prevail in any one place cannot b 

supposed powerful enough to move the rest of the atmosphere towards an; 

place where the vapour is deficient. Now we have no reason to believe that muc 

intercourse takes place between the atmosphere of the northern and souther 

hemispheres. The great and unceasing currents of the air are between th 

equator and the polar regions, but that any large volumes of air cross the equate 

from one hemisphere to the other does not appear from any phenomena we are aoqnaintet 

with. And if the air does not cross the equator, the vapour cannot, being so inU'matel; 

blended with the air. Thus although there may be a constant pressure or tendency a 

(Page 13) the atmosphere in the northern hemisphere to invade that of the southern 

during our summer, or vice versa in winter ; yet I conceive it never can be so effoctnil 

as to restore a perfect equilibrium during the season, but will leave an excess of vapour 

in one hemisphere unbalanced either by air or vapour of the opposite hemisphere. The 

(Page 24) condensation of vapour by cold will not explain the phenomena of rain. Dr. 

Hutton maintained that the quantity of vapour capable of entering into the air increaM 

in a greater ratio than the temperature ; and hence he infers that whenever two vdrana 

of air of different temperatures are mixed together, each being previously saturated with 

vapour, a precipitation of a portion of vapour must ensue in consequence of the mein 

(Page 25) temperature not being able to support the mean quantity of vapour. In 

1793 I missed the distinguishing feature of his theory. My opinion that the vapoor 

was not in chemical union with the air, but was mechanically wafted along by its 

currents, was founded in part on Saussure's experiments showing that a cubic foot of dn 

air at 66^ would imbibe 12 grains of water for its saturation. Now from experiments 1 

was persuaded that this was nearly what would fill a cubic foot of empty space at 66°, 

and hence I concluded that the same quantity of vapour was required to saturate i 

given space whether it contained air or not. In 1801 I experimentally proved th( 

(Page 27) truth of this inference. I also proved that the temperature increasing in ai 

arithmetical ratio, the force of steam increased in a geometrical one. Hence Uuttoo* 

(Page 28) theory is no doubt the true one. The whole quantity of water in the atma 

])here in January is usually about 3 inches, as appears from the dewpoint which is tbei 

about 32°. Q he force of vapour at that temperature is '2 inch of mercury, i.e. 28 o 

3 inches of water. The dewpoint in July is usually about 58° or 59°, correspondin 

to *5 inch of mercury or 7 inches of water ; the difference is 4 inches of water. Henc 

with the same amount of intermixture of currents the rain should be 4 inches less tha 

the average in the former, and 4 inches above it in the latter period. In these estims 

tions I assume that the atmosphere of steam is blended with the general atmosphei 

(Page 29) throughout in the same vertual [vertical] column, and subject to the con 

mon law of rarefaction in ascending. 
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1823. 
!". MtUorohgteal Eitays and Obtervationt, 8to. London. 1823. (rvp,) 
1 now consider an atmosphere of unmixed aqueous vapour on a sphere of 
rature (32° F.) covered with water. Dalton has estimated the elastic 
J of steam at different temperatures, llie density of the vapours must 
eometrical progression for equal perpendicular distances, and the tempera- 
e with it, but in a different ratio. At 10,000 feet it would be -157 in., 
the constituent temperature [dewpoint] 25®. The following shows the 
ty and temperature of the vapours at different elevations. 



Height. 


ElMticltj. 


Deiudtj. 


Temperature 


Feet. 


Indies 




01 Vapour. 





.2 


1.0 


32.0 


5,000 


.177 


.89 


28.5 


10,000 


.157 


.79 


25.0 


15,000 


.140 


.708 


22.0 


20,000 


.124 


.636 


19.0 


25,000 


.110 


.577 


16.0 


30,000 


.100 


.518 


13.0 



arrangement there would be perfect equilibrium, and consequently per- 
;r the sphere. No precipitation or evaporation would take place, and the 
Duld remain transparent. Such also would be the state to which an 
)uld strive to attain, notwithstanding any obstacles which might be 
Hence we may also infer that if condensation were to take place in any 
n atmosphere, evaporation must follow in other parts to maintain the 
es ; and conversely that evaporation must be accompanied by precipita- 
the temperature of the sphere rise gradually and equally over all its 
asticity of the steam would increase with it, without disturbance ; and 
)wn law of decrease for its different elevations, would remain perfectly 
is|)arent. In considering the second modification of circumstances, that, 
J temperature of the sphere, increasing from the poles to the equator, we 
irve that a pure unmixed atmosphere could not follow such a gradation, 
of the whole would be determined by that of the lowest point ; and the 
distil from the hottest point to the coldest with such a rapidity as to 
g ebullition at the former. The condensation of vapour may be affected, 
ecrease of temperature, but by. increase of pressure ; it is not necessary, 
t it should pass from the hottest to the coldest point to be precipitated, 
be a gradual process; but the elastic force arising from an increase of 
} extremity would instantly be felt at the other. For our present purpose 
;ine the passage of the va|X)tir from one point to another to be so mechani- 
as to enable it to assume the gradations duo to the heat of the sphere, 
aate the relative force and pressure of two of the perpendicular columns at 
>ns. The following table represents the state of the vapour at the equator, 
temperature 80° as before : 



Feet. 


Elasticity. 


Density. 


Temperature. 





1.000 


4.571 


80.0 


5,000 


.897 


4.115 


76.5 


10,000 


.804 


3.682 


73.0 


15,000 


.722 


3.356 


70.0 


20,000 


.648 


3.026 


67.0 


25,000 


.581 


2.723 


63.0 


30,000 


.521 


2.487 


60.0 



this with the last table, we observe that both the density and elasticity 
,ly with the temperature, and the consequence must be that the equatorial 
it press upon the polar throughout their length. The vapour will flow in 
the equator to the poles, and being necessarily condensed la U« co'anft ^ViSl 
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return from the poles to the equator in the form of water. Great evaporation will con- 
stantly be goins; on at the latter stations and condensation at every other, so that the 
atmosphere, excepting at the equator, would be rendered turbid by perpetual clonds aod 
rain. The temperature of the sphere would by this process soon become equalised, did 
(Page 65) not our hypothesis provide for its permanency ; the equatorial parts would be 
quickly cooled by evaporation, and the polar warmed by the heat evolved during the 
condensation. It is worthy of attention that the elasticity of vapour increasing netrij 
in a geometrical proportion for equal increments of heat, the decrease of temperature in 
ascending in this atmosphere will be in arithmetical proportion only. The dlminutioo 
is very nearly three degrees for every 5000 feet. Upon the hypothesis of the gradation 
of temperature before assumed, the following table will represent the correspooding 
elasticity and density of the vapour at the surface of the sphere for every ten d^reeiof 

latitude : — 

Poles. 80O 70° 

ElMtidty. Density. Temp. PlUirtlcity. Density. Temp. Elasticity. Density. Temp. 

.064 .34 0° .072 .38 3.2° .089 .466 9.6<> 

60«> 50° 40° 

Elasticity. Density. Temp. Elasticity. Density. Temp. Elasticity. Density. Temp. 

.125 .611 19.2* .2 1.0 32° .351 1.7 48° 

30° 20° 10° Equator. 

E. D T !•' n X K 1) T E. D. T. 

.539 2.547 60.8° .731 3.403 7014° .9 4.133 76.8° 1.000 4.571 80* 

(rofje 56.) Under these circumstances the equatorial regidns will remain perfectly 
transparent, while nuns will continue to fall in every other situation in proportion to the 
densities of the respective places and the decrease of temperature, and the suppljof 
vapour will be entirely kept up by the evaporation at the equator. The height of the 
barometer decreases rapidly towards the poles from 1 in. to .064 in., and the quantity of 
condensation is definite for each latitude ; for the resistance to the passage of the vapour 
is supposed to be constant and equal. Let us now imagine that the temperature is 
raised to the level of that which adjoins ; then condensation will cease at that particalir 
place, evaporation will commence, and the atmosphere will become transparent The 
quantity of water precipitated will be proportionally increased on the other side. H oa 
the contrary, the temperature be lowered to the standard of the latitude next above, the 
precipitation will be increased and the higher latitude will be cleared. The followiog 
table represents lat. 30^ under these two conditions. 

40° 30° 20° 

Cloudy. Clear. Goody. 

Elasticity. Density. Temp. Elasticity. Density. Temp. Elasticity. Density. Temp. 

.351 1.7 48^ .731 3.403 70.4 .731 3.403 70.4* 

Clear. Cloudy. Clondy. 

.351 1.7 .351 1.7 .731 3.403 70.4*' 

(Page 57.) Again, if the mechanical retardation of the flowing vapour which we 
imagined were subject to variation, the quantity of evaporation and precipitation would 
be proportionate to the velocity of its passage ; thus, supposing the evaporation from t 
given surface at a given temperature and under a certain resistance to be three grains 
per minute, it would be increased to six grains with half the resistance. The chtnges 
at the surface affect the whole of the superincumbent columns equally and the tempeia- 
turo of the vapour follows its own law of decrease. But what will be the oonsequenoe 
if the vapour should be forced to adapt itself to a progression different from that of iti 
own, and if, from some cause or other, the heat of the upper regions should diminish at a 
greater rate than is due to the natiu*al gradation ? Let us, for instance, suppose that the 
heat of the water upon the sphere is 80°, but that at the height of 5000 feet above thf 
surface a temperature exists of 64.4% which from that point follows the former decreasing 
scale. The water will have a tendency to throw off vapour of the same oonstitueDi 
heat as its own temperature, but the pressure above being rendered too little by th< 
influence of the forced degree of cold to preserve the necessary elasticity below, tb 
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osphere will only possess the tension due to the lower degree, that is to say, the oon- 
\ge 58) stituent temperature will be only 67*9°. Evaporation must, therefore, ensue 
iw, and its concomitant precipitation will take place above. The calculation of these 
:ts has furnished the following tabular representation of their connection. 

Heigbt. Elasticity. ConsUnt Sensible State of 

Feet. Temperature. Temperature. Atmoephere. 

r*].673 [♦]67.9 80 Clear. 

5,000 [•].606 [♦]64.4 [*]64.4 Cloudy. 

10,000 .542 61.0 61.0 Clear. 

15,000 .490 58.0 58.0 do. 

20,000 .443 55.0 55.0 do. 

25,000 .401 52.0 52.0 do. 

30,000 .363 49.0 49.0 do. 

[The [*] indicate asterisks added in the 1845 ed.] 

he consequence of this situation of things will be that a cloud will be formed at the 
ht named, for the atmosphere will be forced upward by the nascent ["spring 
he" is an addition in 1845 ed.] vapour, and will be condensed at this point, 
doud, however, supposing the process to be sufficiently gradual, would 
extend very far downwards, for the water during its precipitation would be 
solved [changed to ''re-evaporated" in 1845 ed.] by the excess of heat in the 
r regions, so that they might remain transparent and undisturbed. The ultimate 
t would be that the temperature would be slowly equalised, and the balance of force 
red. The water in its circulation backwards and forwards would act as a carrier of 
leat which it would abstract from the lower part by its evaporation, and give out to 
ipper by its condensation. The atmosphere would thus gradually recover its state 
[nilibrium and repose. The upper regions, upon this supposition, remain dear, for 
ne 61) there the r^ular gradation is undisturbed. We have already proposed the 
le case of a sudden decrease of heat at one stage of its height by which oondensa- 
was produced ; the elasticity was thereby reduced to the degree appropriate to that 
eiature at that elevation, and evaporation commenced from the surface. This 
>ration was proportionate to the difference between the elasticity of the temperature 
e sphere and the elasticity of the superincumbent mass. We will now suppose 
the rapid decrease of temperature continues throughout the column, and that at the 
« 62) following heights it is forced to adapt itself to tha annexed progression. 



Height. 


Temperature. 





80° 


5,000 


64.4 


10,000 


48.4 


15,000 


31.4 


20,000 


12.8 


25,000 


— 7.6 


30,000 


—30.7 



e elasticity could not then exceed .043 inch upon the surface; the evaporation 
1 consequently be excessive and its force would almost amount to explosive violence ; 
t the condensation above would be proportionate, and the precipitation would 
ible a waterspout in its effects. 

(To he continued.) 
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S^mvdi&t Winxon. 



Tho rapid progress of science now going on is, in part, the result of ihd 
great increase in the number of workers. This is accompanied by a largv 
and larger host of scientific serials. The oonsequenoe is that the student 
finds an increasing difficulty in ascertaining what has been done, or is in 
process of being accomplished, not onl v in his own special line of study, bat 
also, and more particularly, in such as do not immediately interest him. 
Every student finds, from time to time, that he has a desire for full informi- 
tion on subjects in these outlying sciences, for the purpose of throwing li^t 
upon his special studies. The state of literature is such that he is frequently 
daunted by the difficulties attending his research, or, if he perseveres, he finds 
a great deal of time unnecessarily wasted. The remedy for this is the fiwa- 
lisation of knowledge round a series of centres. The two main steps in the 
process are, first, collection, and, next, classification. It is with this ulterior 
object in view, that all persons interested in meteorology are earnestly asked 
to forward their names and addresses, particulars as to the work they have done 
in meteorological and other sciences, their present lines of study, ways in 
which help is desired, and any other items that may occur to them. Then 
details will be classified, and, when the opportunity offers, selections from 
them will be published. The Conductor will exercise careful discretion in 
the selection, as also in the use he may make of the more private details. 
The first list will be published in November, 1883 ; but correspondents trs 
requested to send in answers soon, in order to allow of ample time for 
their classification, and for their utilisation in private correspondence in the ^ 
interests of correspondents. '. 

In order to prevent any misconception, it may be stated that the Cm- J, 
doctor's object is solely to promote scientific union, and is no way intended | 
to be of a charitable nature in any pecuniary sense. If there is a sufficient 4 
response to these requests, the same line of proceeding will hereafter be '^ 
suggested, from time to time, for the students in other branches of science, i 

Newspapers and scientific journals of all countries, willing to help in :' 
this matter, are asked to make the above requests known to their readers. 

Address, Conductor, *• Scientific Eoll " office, 7 Bed Lion Court, Fleet 
Street, London, E.C. 



In the hopes of promoting Scientific union, attention is asked to the circulara issued 
by the Conference of Delegates of Scientific Societies reprinted below, as also to the sets oC 
questions asked by Sergeant J. P. Finloy, of the United States Signal Service, whaA 
are reprinted farther on, under * The Scientific Enquirer.' The observations and tabkt 
in the circulars of the Conference are intended to apply only to the British Isles, mi 
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ifcjnnt Rnley's qaestions apply strictly to the United States. As it is desirable that 

resalts obtaioed by the workers in these areas should be comparable with those 

hdbtained in other regions, a special request is made for modifications of these lists and 

aits of questions, adapting them for each special district, as also for the lists, circulars, 

methods of procedure which have been adopted and acted upon in all parts of 

world. Any local Scientific Society which has not received the circular of the 

ferenrt is requested to communicate with Mr. Fordham, or with the Conductor 

'tf the ** Scientific RoU." 

CONFERENCE OF DELEGATES FROM SCIENTIFIC SOCIETIES. 

Hdd AtmudUy during (he Meeting of the Brituh A$$ociation. 



««. 



To the Secretary of the 



I enclose a copy of the Minutes of the Proceedings of the Conference held at 
Ink, <m September 6tb, 1881. 

Tea will see that a Committee was then appointed, with instructions (1) to " take 
ibp to have the Conference of Delegates recognised by the Council of the British 
Aaoeiition,'' and (2) " to send out a circular to the various local Scientific Societies, 
pointiDg out the work undertaken by the Committees of the British Association, and 
tkeviluable aid which may be given byithese Societies in that aud other scientific work.^ 

Hie Committee have prepared and now enclose a circular drawn up in accordance 
%tth their instructions, and you are requested to bring it and the other enclosures 
mder the notice of your Society. 

There are only three Committees of the British Association whose investigations 
■em likely to benefit through the assistance of local Scientific Societies, but the 
Gonmitttee have selected some other subjects which may usefully engage the attention 
cCiQch Societies. 

The Committee will be glad to have any criticisms or remarks on the subject- 
matter of the circular, and they will be obliged if you will inform them should your 
Society set on foot any regular system of recording observations on any of the points 
rBferred to. 

The Third Conference of Delegates will be held during the Meeting of the British 
Awociation at Southampton, in August. The names of Delegates representing your 
Society may be sent to me, and notice of the time and place of the Conference will be 
left for them at the post; office, in the reception room, as soon as possible after the 
commencement of the Meeting. 

It is necessary, if your Society desires to avail itself of the privilege conferred by 
the Rule of the British Association given below,* and in order that your Delegates 
should have the right to sit on the General Committee, and that their names should 
appear in the Journal, that you should make a formal claim to the Assistant Secretary, 
22, Albemarle Street, London, W., some little time before the date fixed for the 
meeting. 

Yours faithfully, 

H. GEORGE FORDHAM, 

Odsey Gbange, Royston, Cambs., 

2Ath April, 1882. Hon, Sec. to the Committee. 



♦" General Committee— Claas B. Temporary Members." "1. The President for the 
time being of any Scientific Society publishing Transactions, or, in his absence, a delegate 
Teprpsenting him ; and the Secretary of such Society. Claims under this rule to bo sent to 
the AssLitant Beoetary before the opening of the Meeting.*' Note.— The Delegate must 
be a Mendter (not A$ioeiate) of the British AssociatioD. 
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CIRCULAR REFERRING TO SUBJECTS RECOMMENDED FOR INVESTIGATION 

BY LOCAL SCIENTIFIC SOCIETIES. 



L— COMMITTEES OP THE BRITISH ASSOCIATION. 

The work of the three following Committees is of a character to receive valuable 
help from local Scientific Societies. It will he seen that a large numher of ohserveis, 
spread over the whole countr}', is necessary for carr^'ing on the investigations for which 
the Committees are appointed. 

Attention is therefore called to the ohjects which these Committees have in view; 
but, as the limits of this circular do not permit of the insertion of full particulars of tlrf 
methods of observation employed by the Committees, Societies or individuals willing 
to assist them should communicate with the Secretaries (whose names and addresses 
are given), and to whom Reports should be sent. 

1. — ^Underground Waters Committee. 
Sbc. :— C. E. De Rance, F.G.S., 28, Jermyn Street, London, S.W. 

Object. — ^To investigate the circulation of the Underground Waters in England aod 
Wales, and the quantity and character of the waters supplied to various towns and 
districts. 

Records of the heights of the water in wells, with particulars of the variations of 
level at different periods, are required, as well as notes on the character of the water, 
and particulars of the formations from which it is derived. 

2. — Erratic Block Committee. 

m 

Sec :— Rev. H. W. Crosskey, F.G.S., 28, George Road, Birmingham. 

Object. — ^To record the position, height above the sea, lithological characters, a», 
and origin of the Erratic Blocks of England, Wales, and Ireland, to report other 
matters of interest connected with the same, and to take measures for their 
preservation. 

It is obvious that to obtain a record of the boulders of Great Britain and Ireland at 
all approaching completeness, a large amount of local assistance must be relied on. 
And as, at the same time, the value of the deductions to be made from the informatioQ 
collected by the Committee depends almost entirely on their investigations covering the 
whole area under consideration, the Committee are obliged to appeal to local Sodedes 
and local observers for help. 1 

Boulders are scattered over large districts of the country, particulars conoenung ] 
them can easily be noted, and as they are continually being destroyed, or removed from ] 
their original sites, it is very desirable that records should be obtained as early as j 
possible. By the accumulation of information from all parts of the country, and l^ 
its careful arrangement and examination, the Committee hope to arrive at data wbidi 
will be of material assistance in the study of the history of the Glacial Period. 

The investigations of this Committee do not extend to Scotland ; the Boyal Society 
of Edinburgh having appointed a " Boulder Committee " for that country. Of the 
Scotch Committee, Mr. D. Milne Home, M.A., F.R.S.E., F.G.S., 10, York Place, Edin- 
burgh, is the Convener. 
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3. — ^UkDEBOBOUND TSHPERATUBE Ck)MMrrrEE. 

Sec. : — ^Pbof. J. D. £vi3KErT, MJL, D.C.L., F.R.S., Rashmere, Malone Ruad, Belfast. 

Object. — ^To investigate the rate of increase of Underground Temperature downwards 
firioos localities of dry land and under water. 

The Committee undertake the determination of temperature at great depths below 
i earth^s surface, in mines, deep wells, artesian borings, etc. Special thermometers 
i lent by the Committee to observers. 



L-INVESTIGATIONS CONDUCTED BY INDIVIDUAL OBSERVERS OR 

SOCIETIES. 

Information relating to the following subjects is collected by the observers or 
Societies referred to, and further particulars as to the method of observation, etc., will 
be {nmished, on application, by them. The subjects mentioned are all very suitable 
far investigation by local Scientific Societies. 

1. — Rainfall. 
G. J. Symons, F.R.S., 62, Camden Square, London, N.W. 

The pamphlet sent herewith (Enclosure 1) sufficiently explains the nature and value 
of the work undertaken by Mr. Symons. The more widely the knowledge of that 
vork and of its importance is spread, the greater will be the increase in the 
imciber of observers, and the value of the ultimate results will be correspondingly 
fthiDced. 

The Oonmiittee would recommend the publication, locally, of observations extended 
*^ a limited area (such as a county), and at frequent intervals, as being very efifective 
i arocuing local interest in the subject. A copy of the table published monthly in 
feftfordshire, in most of the local newspapers, is enclosed (Enclosure 2), as a specimen 
^ what may be done without much trouble or expense. In this table the various 
itions are grouped in the river-basins of the county, and tbe average rainfall of each 
^ these areas is inserted. The Hertfordshire Natural History Society and Field Club 
ihlishes also annually in its ' Transactions ' a considerable amount of information on 
le Rain&ll, and has obtained a substantial increase in the number of observers in the 
onty. It is suggested that other local Societies should take similar steps for the 
oouragement of rain&U observation. 

{Enclosure 1.) 

LRANGEMEXTS FOR THE SYSTEMATIC OBSERVATIOX AND RECORD OF THE 

RAINFALL OF THE BRITISH ISLES. 

Introduciory and ffUtorical. — ^I cannot help this section appearing to be egotistical; the 
nikll organiaation being entirely mj own creation, it is impossible for it to be otherwise. 

In the early part of the jear 1859 I began collecting copies of records of the fall of rain, 
i early in 1861 wrote to all the observers of whom I was then aware, and asked them to send 

all the records for the year 1860 that they could. I received 168 returns, and printed a 
»le showing the total fall of all those places, being a larger number than had ever been classed 
:ether before. This publication gave a stimulus to observers, and from that time onwards 
ir number has steadily increased until it now exceeds 2000. 

The amount of information published has increased even more, for whereas at first I printed 
y the total annual fall, I now publish essays on various branches of rainfall enquiry, and full 
tiBcts of the most remarkable falls in short periods (ten minutes, half-an-hour, and so on), 

heaviest falls in one day, tables of the monthly fall at several hundred stations, and, in 
It, give all the information which I can collect and which it seems expedient to print. 
From tbe .foregoing it will be evident that the compilation of the present annual volume (of 
eh tbe short title is <' British Rainfall, 1877," &c.) is a very serious labour. The mere 
'kiniF of two thousand returns takes a long time, and so does the due arrangement of the 
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i> eumriDg the ucnncj otlkt 



varioui fact* reporUd, and by no mcuu the Inut oncrc 
printing of the whole. 

During the firit few yean I not only gave my own time gratuitonily tii,th« work, bnt iIh 
bore all the coat or poatagei and of printing. It Kon, however, became tar too coMly for mt ta . 
bear it all, and my corr»pi>ndenti mort kindly offered to tbare it with me. In 1665 thapricttf 
the auDoai TOlame wag tiled at five ahillingg, and, although the aiie and cost of the Tolnine hin 
since largely increaaed, no riie ha* been mnde in the price. There are two reaaooi foi tfaia: 
(1) Becauae if the book could not be compiled without the help of obwrTen, they ought te k 
allowed to have it ai cheaply as poaiible ; (2) Becauie a imatl number of th« obierren (abrat 
.')00, whose gubacriptiona are duly pnbliahed) contribate annaal luma varying from one tottn 
guineas towards the general eipeDiei of the work. 

The eiisting state of matters is, therefore, ahortly aa follows. There are about 2000 penaol, 
well spread over KngUnd and Wales, Scotland and Ireland, each of whom ia, I hope, itnttly 
obeying the rules on page 5. To each of them 1 send on December 31at each year, blank fonu 
for them to return lo me filled with the facts ubaerred by them. At the lame time I send a htt 
of the Tariona publications, and invite such pecuniary aid aa it may be agreeable to them lo tend. 
I ought, perhaps, to ny what becomes of the subscriptions. I will mention some of tit 
outlets. (1) There are nearly a thousand obserren whose returns have to be collected, eiamined, 
discussed, and printed, who do not contribute sixpence towards the cost thereof. (2) In nne 
localities it is impossible to obtain volunteer obserreri, and there the obaerven receive regain 
salaries. (3) The mass of office work, correspondence, &g., is far beyond what I can mjalf 
accomplish ; two regular assistants are, therefore, employed, and besides that, considerable smu 
are paid for eitra assistance at times of pressun. 
(4) The eipenditore for printing and postages it 
very la^. 

in addition to the annual volume, I pnUkli ■ 
monthly periodical, Symoiu'a Monthly Mtttoni- 
logkal JUiigaiine, giving, in addiUon to a foil 
chronicle of the progress of meteorology, delaHi 
of ramfall at about 100 statioD*. Thii U sal 
free to SDhecribers. 

It may, perhaps, i>o added that it alvsn 
affords me pleasure to reciprocate, as fti ■> ', 
possihle, the assistance which the ohsemit | 
render to me, either by affording them metwn- 1 
logical information, daU <u to the height ofUKir i 
stations above sea level, or «ivi< -I" 




ramfnll— old ones and t 

eierjbody to help me, both with ohurvstiow 
and funds, and I promise, in return, to rniler 
to nil my corresjioiidents all the help that ii ii ' 
my power. 

Patifrra of Itain Gaaga, and icKcrt to *H 

for there is considerable jealousy omoDf tbi 
manufacturers, and I am almost certain te bi 
accused of favouritism by some one. Howim, 
1 iiave never patent<^d an; pattern of rain gauge, and, therefore, leave the field open to alL 

Upon one point it is neoessnry to be despotic, vii., that amateurs never try to make iKrir o« 
gauges ; they are almost certain to go wrong iti some respect, and nothing is more veiin|, biti 
to the observers and to myself, than for it to be discovered, after oluervalions have been reeoidtd 
for a long time, that the labour of years \i vitiated by an Inaccurate instrumen 
For use in ordinary localities I think the annexed is the best pattern ; it 
Snowdon gauge, it is live inches in diameter, is easily fined by four slakes as shown ; the gtsii 
jnr when filled up to the top division holds 0.50 in., or half an inch, the bottle holds at ' " 
inches of rain, and, of course, in the very rare case of the fall exceeding that, the eice 
by the cim, and must be carefully measured. If mode in ja[>anaed tin tiiese cost from Xif- 
to 20s., but they arc much stranger, .nnd more durable, if made in copper, when they cost freo 
31s. to 30s. Kegretti's have just brought out a very stout pattern, in galvanized iron, at a still 
lower price. Where cost te no object, it is, by some, thought better to have a rather Urgn 
gauge, vii., eight Inches diameter, costing from £i to £3, but 1 do not advise it. 

Snowdon pattern rain gauges can, no doubt, be obtained from any optician, but it mar Ik 
convenient to give, in alphabetical order, the names and addrctsc.4 of a feir of the principl 
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Xrgretti it Zambra, Holborn Viaduct and CornhiU, E.G. 
Paftorelli, F., 10, New Bond Street. 

J. — Wherever, and of whomsoever, rain gauges maybe bought, it is very desirable 
purchaser should insist upon having certiHcates of their accuracy. Rain gauges are 

and certificates Issued, by Kew Observatory, and by myself, the charge in each case 
le, namely, 2s. 6d. 

Forms. — All blank forms required for returns to myself, and additional ones wherever 
re supplied gratuitously, and even those sold are charged at little more than their 
t. 

e of Residence. — Each observer is requested to decide upon a specific name for his 
ad to notify immediately any change in the position of the gauge or the discontinuance 
>rd. 

"IONS FOR SECURING UNIFORMITY OF PRACTICE AMONG RAINFALL 

OBSERVERS. 

TB. — A rain gauge should not be set on a slope or terrace, but on a level piece of 
t a distance from shrubs, trees, walls, and buildings ; at the very least, as many feet 
r hsL<e as they are in height. Tall-growing flowers, vegetables, and bushes must be 
y from the gauge. If a thoroughly clear site cannot be obtained, shelter is most 
from N.W., N., and E., less so from S., S.E., and W., and not at all from S.W. or N.E. 
^LD Gauges. — Old establbhed gauges should not be moved, nor their registration 
led, uutil at least two years after a new one has been in operation, otherwise 
luity vf the register will be irreparably destroyed. Both the old and the new ones 
registered at the same time, and the results recorded for comparison. 
Level and Fixing. — ITie funnel of a rain gaus;e must be set quite level, and so firmly 
t it will remain so in spite of any gale of wind or ordinary circumstance. Its 
IS in this respect should be tested from time to time. 

Height. — ^The funnel of gauges newly placed should be 1 ft. above grass. Information 
; height above sea level may be obtained from the editor. 

iusT. — If the funnel of a japanned gauge becomes so oxidised as to retain the rain in 
or threatens to become rusty, it should have a coat of gas tar, or japan black, or a 
ael of zinc or copper shouU be provided. 

Float Gauges. — If the measuring rod is detached from the float, it should never be 
le gauge. If it is attached to the flitat, it should be pegged or tied down, and only 
o rise to its proper position at the time of reading. To allow for tke weight of the 
rod, these gauges are generally so constructed as to show only when a small amount 
is left in them. Care must always be taken to set the rod to the zero or 0. 
-Can and Bottle Gauges. — The measuring glass should always be held upright ; the 
« to be taken midway between the two apparent surfaces of the water. 
— Time of Reading. — Nine a.m. daily ; if taken only monthly, then 9 a.m. on the 1st. 
Date of Entry. — ^The amount measured at 9 a.m. on any day is to be set against the 
one ; because the amount registered at 9 a.m. of, say, 17th, contains the fall during 15 
the 16th and only 9 hours of the 17th. {This rule has been approved by the Meteorolo' 
eties of England and Scotland, cannot be altered, and ia particularly commended tj the 
observers.) 

Mode of Entrt. — If less than one-tenth ('10) has fallen, the cypher must always be 
; thus, if the measure is full up to the seventh line, it must be entered as '07, that is, 
>, no tenths, and seven hundredths. For the sake of clearness, it has been found neces- 
ay down an invariable rule that there shall always be two figures to the right of the 
point. If there be only one figure, as in the case of oue-tentlT of an inch (usually 
1) a cypher must be added, making it '10. Neglect of this rule causes much incon- 
. All columns should be cast twice — once up and once down, so as to avoid the same 
ng made twice. When there is no rain, a line should be drawn rather than cyphers 

-Caution. — ^The amount should always be written down before the water is thrown 

—Small QuANTmES. — ^The unit of measurement being '01, observers whose gauges are 
ly delicate to show less than that, are, if the amount is under *005, to throw it away ; if 

> to '010 inclusive, they are to enter it as *01. 

— Absence. — Every observer should train some one as an assistant; but where this is 
ble. instructions should be given that the gauge should be emptied at 9 a.m. on the Ist 
onth, and the water bottled, labelled, and tightly corked, to await the observer's return. 
— Heavy Rains. — When very heavy rains occur, it is desirable to measure immediately 
termination, and it will be found a safe plan after measuring to return the water to the 

> that the morning registration will not be interfered with. Of course if there is the 
doubt as to the gauge holding all that falls, it must be emptied, the amount being 

y written down. 
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Xy. — Snow. — In snow three methods maj be adopted ; it is well to try them all. (1) Melt 
what is caught in the funnel by adding to the snow a preriously ascertained quantity of warm 
water, and then deducting this quantity from the total measurement, enter the residue as rain. 
(2) Select a place where the snow has not drifted, invert the funnel, and turning it round, lift and 
melt what is enclosed. (3) Measure with a rule the average depth of snow, and take one-twelfth 
as the equivalent of water. This being a very rough method, is not to be adopted if it can be 
avoided. Some observers use in snowy weather a cylinder of the same diameter as the rain 
gauge, and of considerable depth. If the wind is at all rough, all the snow is blown out of a flat- 
funnelled rain gauge. Snowdon pattern gauges are much the best. 

XVI. — Overflow. — It would seem needless to caution observers on this head, but as a recent 
foreign table contains star tnntances on one day in which gauges were allowed to run oTer, it is 
evidently necessary that British observers should be on the alert. It is not desirable to purchsse 
any new gauge of which the capacity is less than four inches. 

XVII. — Second Gauoes. — It is desirable that observers should have two gauges, and that 
one of them should be capable of holding eight inches of rain. One of the gauges should be 
registered daily, the other weekly or monthly as preferred, but always on the 1st of each month. 
By this means a thorough check is kept on accidental errors in the entries, which is not the case 
if both are read daily. 

XVIII. — Dew and Fog. — Small amounts of water are at times deposited in rain gauges by 
fog and dew ; they should be added to the amount of rainfall, because (1) they ** tend to water 
the earth and nourish the streams ; " and not for that reason only, but (2) ** because in many cases 
the rain gauges can only be visited monthly, and it would then obviously be impossible to 
separate the yield of snow, rain, &c. ; therefore, for the sake of uniformity, all must be taken 
together." 

XIX. — Doubtful Entries. — ^Whenever there is the least doubt respecting the accuracy of 
any observation, the entry should be marked with a ?, and the reason stated for its being placed 
there. 

XX. — Breakage. — ^The Editor has no desire to supply rain gauges or glasses, or in any way 
to undertake, or interfere with, that which is the business of opticians ; but the continuity and 
permanent accuracy of the records of his correspondents is to him of such importance, that he 
deems it advisable to announce that any assistance in his power is always at their service. 

62, Camden Square, London, N, W, G. J. Stxokb. 

[For Rainfall in Herts (Enclosure 2), see next page.] 



2. — Periodical Natural Phenomena. 

Assistant Secretary, Meteorological Society, 30, Great George Street, London, S.W. 
Rev. T. a. Preston, M.A., F.L.S., The Green, Marlborough, WilU. 

The appended list of 60 species recommeDded for observation (p. 229) is a sdectioD 
from the 100 species of which the list of the Meteorological Society consists, of which a 
copy is enclosed (Enclosure 3). The phenomena to be observed are given in the pro- 
bable order of occurrence as deduced from the mean of six years' observations (1876-81) 
by members of the Hertfordshire Natural History Society. Observers may, if they pre- 
fer to do so, adopt the more extensive list of the Meteorological Society, or they may 
confine their attention to the 25 species of which the English names are here printed in 
capitals. 

There are at present over 40 observers, who record facts coming under this heading, 
and it is very desirable that the number should be greatly extended, so that ultimately 
no part of the county may be without observers. 

Observers are referred for further information to the following : — 

* Instructions for the Observation of Phenological Phenomena.* London : WiUiams 
and Strahan. 1875. Price (yd, (Also to be had at the office of the Meteorologicil 
Society.) 

''On the Observation of Periodical Natural Phenomena," by John Hopkinscn. 
F.L.S. ; with notes on the Plants to be observed, by the Rev. W. M. Hind, LL.D. ; on the 
Insects, by Arthur Cottam ; and on the Birds, by J. E. Harting, F.L.S., in * Tram. 
Watford Nat. Hist. Soc,' vol. i., part 2. London : David Bogue. 1875. Price la. 
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{Endoiiire 2.) 
RAINFALL IN HERTS.—For the month of March, 1882. 



infkn Id Riv«r Dbtricis. 



StoiioD. 



I 






[E 1-50 Upper Thame 1*50 ^Ayletbury {Bucks) 
, Upper Coine 



/ 



Verl-45 



Kensworth 

Harpoiden, Bothamsted ... 
\Cowroa8t 



{' 



E 1-52 



Gade and Bnl- 
borne 1'58 ... 



\ 



Chess 



Lower Colne 1*49 



rr 



Berkhcanpstead 
GtGaddesden., 
Nash Mills .... 



Watford, Watfotd House 
„ Wansford House 

Bushey H&ith 

Rickmansworth, Moor Park 



1-32 



Upper Brent. 
/Upper Lea 1*39 ... Bayfordbury 

>'••»"•» >«7 - 1 !^&^-:::: 

Beane 1*57 Knefneorth .... 

»""« {J5Xr"":;: 

Much Madham, 



\ 



Ash 1*35 



{ 



V 



Stort 1*37 

Lover Lea 1*42 



11-20 



{ 



Hiz 1*22 

Upper Ivel 1'17 ... 
If 119 Rhee 119 



{ 



lean for the Conntv 



Ware, Fanham*s Hall 

Stansted (Essex) 

Harlow, Moor Hall {Essex) 

Hoddesdon 

Waltham Abbey {Essex).., 

Southgaie 

HitdUn 

„ High Bourn.,,. 

Stoif old {Beds.) 

Odsey {Combs.) 

Boyston 



280 

600 
402 
345 
370 
426 
237 

240 
235 
480 
340 

250 
230 
357 
391 
500? 
484 
220 
235 
240 
273 
147 
82 
240 
238 
422 
220 
264 
269 



6 



ST IS . 



S» 



I 



tl-50 

1-33 
1*57 
1*70 
1*60 
1-35 
1-66 

2*42? 
1*59 
1*39 
1*50 

1-39 
•97 
1*17 
1*57 
1*20 
1-12 
1*32 
1*38 

tl-52 

tl*23 
1*47 

tl-35 
1'44 
115 
1*29 

tl-17 
115 
1*23 



— -21 

— -42 

— -18 

— -05 

— -15 

— -40 

— -09 

+ -67 

— -16 

— -36 

— -25 

— 23 

— -65 

— -45 

— -05 

— -42 

— -50 

— -30 

— -24 

— -10 

— -39 

— -15 

— -27 



•60 

•46 
•63 
•50 
•65 
•61 
•68 

•81 
•65 
•61 
•72 

•71 
•20 
•62 
•73 
•50 
•56 
•77 
•65 
•71 
•62 
•91 
•73 



•18 I "65 
•33 1 ^57 



•19 
•31 
•27 
•19 



•58 
•51 
•56 
•62 



1.37 — -29 



25th 

25th 
25th 
25th 
25th 
25th 
25th 

25th 
25th 
25th 
25th 

25th 
Ist 
28th 
25th 
25th 
25th 
25th 
25th 
25th 
25th 
25th 
25th 
25th 
25th 
25th 
25th 
25th 
25th 



tf 

§ 

*» 
f 



9 
15 
13 
10 
14 
14 

14 
14 
12 
14 

12 
14 

8 
13 
11 
11 

8 
11 

8 

8 
14 

7 
17 
12 

9 
13 
13 
11 

11 



bt tftkni into oonsideratioo in determining tbe Gonn^ Mean FalL 4- signifies above, — below the mean. 

-One inch of rain represents 101 tons of wster per acre. A wet day is one on which 0*01 in. or more falls. 

fafall (18f 0-79) for the month in River Districts, Thame 1-71 ; Golne 1*75 ; Brent [no obeerration] ; Lea 1*62 ; 

Ivel 1*48; Cam 1*42. 

C. W. Harvey, F.M.S., Throcking Rectory, Buntingford, Herts. 
[Reprinted from The Herts, and Cambs. Reporter, 2 Ist ApriL] 



3. — Ikjubious Iksectb. 



Miss E. A. Obmebod, F.M.S., Dnnster Lodge, Spring Grove, Isleworth, Middlesex. 

Fhe appearance of any of the Insects in tbe appended list (p. 228) in unusual numbers, 

injuries done by tbem, and tbe degree of success wbicb has attended any methods 

trereotion wbicb bave been tried, may be recorded and communicated to Miss 

erody by wbom this list bas been compiled, and who will forward on application 

If on wbidi to record observations. 

}bserverB are referred for full information, instructions, and illustrations of tbe 

^ts, to the following : — 

A Ifanual of Injurious Insects,* by Eleanor A. Ormerod. London : W. Swan 

Knscban and Go. 188L Price d«. 
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" Notes for Observations of Injurious Insects," by tbe same, in * Trans. Watford 
Nat. Hist. Soc.,* vol. ii., part 2. London : David Bogue. 1878. Price 1«. 6d. 

' Report of Observations of Injurious Insects during the year 1881,' by the same. 
London : W. Swan Sonnenschein and Co. 1882. Price U. 6d, Previous Reports have 
been published under the title of * Notes of Observations of Injurious Insects.' 1878-81. 



Selected List of Periodical Natural Phenomena^ in the probable Order of Occurrmt. 



Son ^-thrush (^Tardus musicus) sg. 
Skylark {Alauda arvensis) sg. 



Rook {Cormis frvgileg\ts) builds. 
Sweet Violet ( Viola (tdorata) fl. 



January. 

Snowdrop {Qaianthus nivalis) fl. 
Honey-bee (Apis mellifica) ap. 

Februart. 

Coltsfoot (Tussilago farfara) fl. 
Dog's Mercar J (^Mercuriaiis perennis) fl. 

March. 



PxLEWORT {Ranunculus ficaria) fl. 
Wych-elm ( Ulmus montana) fl. 
Daffodil {Narcissus pseudo-narcissus) fl. 
Barren Strawberry {Potentilla fragariastum) 

fl. 
Common Frog {Rani temporaria) spawns. 
Wood- ANEMONE {Anemone nemorosa) fl. 



Cowslip {Primula veris) fl. 
Marsh-marigold {Oaltha palustris) fl. 
Blackthorn {Prunus spinosa) fl. 
Small white Butterfly (Pieris rapa) ap. 
Ground-ivy {Nepeia gtechoma) fl. 
Greater Stitcuwort {Stcltaria hdosUa) t 



Wild Chervil {Anihriscus s^ihestris) fl. 
Swallow {Hirundo rustica) first seen 

seen (October). 
Cuckoo-flower {Cardamine pratensis) fl. 
KiGiiTlNaALE {Daulias luscinia) sg. 
Cuckoo {Cumulus canorus) first heiird. 
Blue-dell {Entymion nutans) fl. 



April. 

Large white Butterfly {Pieris brassica:) >p. 
last Ribwort-plantain {Plantago lancedata) fl. 
Upright Crowfoot {Ranunculus acris) fl. 
Germander^peedwell {Veronica cham(rdrys) ^' 
Herd- Robert {Geranium rcbertianum) fl. 
Bush-vetch ( Vicia sepiwn) fl. 



Mat. 



Creeping Bugle {Ajuga reptans) fl. 

Milkwort {Polygala tuigaris) fl. 

Swift {Ctipselus apus) first seen ; last seen 

(August). 
Cleavers {Galium aparine) fl. 
Silver-weed {Potentilla anserina) fl. 
Dutch-Clover {Trifolium repens) fl. 



Mouse-ear {Hieracium pilosella) fl. 
Ox-eye {Chrysanthemum leucanthemwn) fl- 
Flycatcher {Mmcioapa grisoh) first seen; 1**^ 

seen (August). 
Bird's-foot Trefoil {Lotus corniculatus) fl. 
Red Poppt (Papaver rhcens) fl. 
Ragged Robin {Lychnis flos-cuculi) fl. 



Yellow Iris {Iris pseudaconts) fl. 
Meadow-vetchling {Lathyrus pratensis) fl. 
Spotted Orchis {Orchis maculata) fl. 
Dog-rose {Rosa canina) fl. 
Common Mallow {Maha sylvestris) fl. 
Hedge-woundwort {Stachys sylt>atica) fl. 



Tufted Vetch {Vicia cracca) fl. 
Yellow Bedstraw {Galium verum) fl. 

ap. — first appears ; fl.- 



June. 

Wild Thyme {Thymus serpyllum) fl. 
Broad Willow-herb {EpUobium montanvn) ^ 
Field-thistle {Carduus arvensis) fl. 
Meadow-sweet {Spiraa ulmaria) fl. 
Black Knapweed {Centaurea nigra) fl. 
Milfoil {Achillea millefolium^) fl. 

July. 

Ragwort {Senedo jacobcea) fl. 
Hair-bell {Campanula rottmdifolia) fl. 

-flowers open ; sg. — song first heard. 



List of Injurious Insects, observatior,s of which are specially desired, 

Injl^rious to Field and Garden Crops. 



1. Silver Y Moth {Plusia gamma). 

2. Black Weevil {Otiorhynchns stUcatus). 

3. Pea Weevil {Sitcnes lineatus). 

4. Wire -worm Beetle {Agriotes Imeatus). 

5. Crane Fly {Tipula oleracea), 
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6. Spotted Crane Fly ( Tipula maculosa), 

7. Onion Fly {Anthomyia ceparum). 

8. Celery Fly {Tephritis onopordmis) 

9. Carrot Fly {Psila rosat), 

10. Bean Aphis, Collier {Aphis rumids). 



SaENTlFIC UNION. 



To Calibajea and JVimips. 



ige Batterfly {Pierii brassicai). 
ige Moth (Mamestra bmssicce). 
p Moth (^Agrvtia seyetum). 



Saw fly (^Cephis pygmoefts). 
t Midge {Cecidomyia tritict). 



14. Turnip Fly (Phyifotreta umlalata), 

15. Turnip Sawfly {Athalia spinuum), 

16. Tamip Aphis (Aphis rapce). 



To Com. 



19. Com Fly {Chloropt UEniopua). 

20. Wheat Aphis {Aphis granaria). 



Injurious to Timber Trees and Fruit. 



Moth (Cossus ligniperda), 

rJ Moth (Zetuera {Fscuii), 

y Moth ( Hombyx nettstria). 

Ermine Moth ( Vponomeuta padellus'). 



25. Magpie Moth (Abraxas grossuhriata). 

26. Apple Weevil (Anthonomtts pomorum), 

27. Pear-tree Slug (Erioctmpa adumbrata). 

28. Gooseberry SawHy (Nematis ribesii). 



To Pine Ttees. 



Si rex (Sirex gigas), 
>ad Tortrix (Retinia turionanj) 



31. Fir WeeTil (ffulobius abietis), 

32. Pine Beetle {ffyiurgtu pinij/erd i)* 



Observations of any other Insects are also desirable. 



(Enclosure 3.) 
THE METEOROLOGICAL SOCIETY. 



Qological Observations takeu at 



during 
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PLANTS. 



ONE NEMOKOSA (Wood 

lemone) 

NCULUs Ficaria (Pile- 

)rt — Lesser Celandine) 

^c^dus acris (Upright 

owfoot) 

lA PALUSTRis (Marsh 

arigold) 

:€r rhaeas (Red Poppy) 

mine hirstUa (Hairy 

tter-Cress) 

mine praten8is(Cnck oo- 

»wer — Lady's Smock) 

c^rna (Whitlow-Grass) 

odorata (Sweet Violet) 

ala ru/^ari»(Milkwort) 

us fios-cuculi (Ragged 

}bin) 

ria holostea (Greater 

itchwort) 

'A SY'LVESTRIS (Com- 

on Mallow) 
ricum tetrapterum 
►quare St. John's Wort) 
ricum pulchrum (Up- I 
ght St. John's Wort) I 

iNIUM ROBERTIANUM i 

lerb Robert) | 

>UUM REPEN8 (Dntch I 
lover) I 

r eomtculaUu (Bird's I 
oot Trefoil) I 



^ 

3 







19 
20 
21 

'>> 

23 

24 

25 

26 
27 

28 

29 

30 

31 
32 
33 

34 
35 
36 
37 

38 



Vida cracca (Tufted Vetch) 
„ sepium (Bush Vetch) 
Lathyrtu pratensis (Meadow 

Vetchling) 
PRUNUS SPINOSA (Sloe — 

Black-thorn) 
Spircsa ulma/ia (Meadow- 
sweet) 
Potentilla anserina (Silrer- 

weed) 
Potentilla fragariastrum 

(Barren Strawberry) 
JRosa canina (Dog Rose) 
Epilobium hirsutum (Great 

Hairy Willow-herb) 
Epilobium montonum (Broad 

Willow-herb) 
Angelica s:fhestris (Wild 

Angelica) 
Anthriscus syhestris (Cow 

Chervil) 
Hedera Helix (Ivy) 
Galium aparine (Cleavers) 
„ vcrum (i'ellow Bed- 
straw) 
Dipsacus sylvestris (Teasel) 
Scabiosa succisa (Devil's-bit) 
Pctasites t'i%arw(Butter-bur) 
TUSSILAGO Farfara (CJolts- 

foot) 
Achillea Millefouum 

(Milfoil ; Yarrow) 




o 
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PLANTS (pontmued). 




39 Chrysanthemum Uucanthe- 

mum (Oxeje) 

40 Artemisia vulgaris (&Iag- 

wort) 

41 Senecio jacdbcea (RAg'WOTt) 

42 Centaurea nigra (Black 

Knap-weed) 

43 Carduuslanceolatu8(SpetLr' 

Thistle) 

44 Carduus arvensis (Field- 

Thiatle) 

45 Sonchus arvensis (Corn 

Sow-Thistle) 

46 ffieracium piiosella (Sloxxae' 

ear Hawkweed) 

47 Campanula botundi- 

FOLIA (Hair-bell) 
^S'^Gentiana campestris (Field 
Gentian) 

49 Convolvulus sepium 

(Greater Bindweed) 

50 Symphytum officinale (Com' 

frey) 

51 Pediculans sylvatica (Red 

Rattle) 

52 Veronica chamadrys (Ger- 

mander Speedwell) 

53 Veronioa hederifolia (Ivy- 

leaved Speedwell) 



72 Meloiontha vulgaris (Cock- 

chafer or May-bug) 

73 Bhizotrogussolstitialis(¥ern- 

Chafer) 

74 Apis mellifica (Honey-Bee) 

75 Pieris brassicce (Large White 

Cabbage Butterfly) 



54 Mentha aqmUca (Water- 
Bfint) j 

55 ThytfMs serpyUum (Wild 
Thyme) \ 

56 Prunella vulgaris {S^\{-\iea\) 

57 Nepeta glechoma (Ground 
Ivy) 

58 Oaleopsis tetrahit (Hemp- 
nettle) 

59 Stachys sylvatica (Hedge 
Woundwort) 

60 Ajuga reptans (Bugle) 

61 Primula veris (Cowslip) 

62 Plantago lanceolaia (Rib- 
wort Plantain) 

63 Mercurialis perennis (Dog*8 
Mercury) 

64 l77fnitfmofitana(Wych£lm) 

65 Ai/uc ooprea (Great Sallow) 

66 Coryius avellana (Hazel) 

67 Orchis maculata (Spotted ! 
Orchis) 

68 Iris pseudacorus (Tellow 
Lris) 

69 Narcissus pseudo-narcissus 
(Daffodil) 

70 GcUanthus niv<tlis (Snow- 
drop) 

71 &i7/a nutans (Blue-bell) 

INSECTS. 

76 Pieris rapes (Small White 
Cabbage-Butterfly) 

77 JS^/TifMrpA^/anKPa (Meadow- 
brown butterfly) 

78 J?»Wb mom (St. Mark's-fly) 

79 Trichocera hiemalis (Win- 
ter Gnat) 



BIRDS. 
(migration, 80X0, nesting, first eggs, &c. Sic.) 



80 Strix aluco (Brown Owl) 

81 Muscicapa grisola (Fly- 

catcher) 

82 Tardus musicas (Song 

Thrush) 

83 Tttrdiw piVarw (Fieldfare) 

84 Daulias luscinia (Nightin- 

gale) 

85 Saxicda omanthe (Wheat- 

ear) 

86 Phylloscopus trocliilus (Wil- 

low Wren) 

87 Phylloscopus collybita (Chiff- 

cha£F) 

88 Alavda arvensis (Sky-lark) 

89 FrvngUla cveUhs (Chathnch) 

90 Corvus frugUegus (Rook) 

91 Cuculus canorus (Cuckoo) 



92& Jlirundo rustica (Swallow) 
92h Hirundo urbica (House 

Martin) 
93a Cypselus apus (Swift) 
93b Caprimulgus europctus 

(Goatsucker or Fem- 

Owl) 

94 Colwnba turtur (Turtle- 

dove) 

95 Perdix cinerea (Partridge) ', 

96 Scolopax rusticola (Wood- 

cock) 

97 Crex pratensis (Corncrake 

or Land-Rail) 



98 Frog Spawn, 
pearance of. 

Signed 



First ap- 



Ohsenn 

A Summary of these observations is published each year in t'le Quarterly Journal o/ 
2S0 Meteorological Society, 
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Sbb ScuntiriSc (gnxjuirtr. 



Correspondence is invited an sdeniific wbjects of all kinds. In aU cases 
net and addresses should be given ; hui these wiU not he published if the 
\Un prefer noms de plume. The Conductor wiU not be responsible for ihe 
mns expressed by correspondents. AU communications should be addressed to 
Ccndudor of the '' Scientific Boll,*' 7 Bed Lion Court, Fleet Street, London, 
0. 

Replies to questions should be numbered in accordance with the questions to which 
7 refer. The contractions following the questions and answers indicate the class of 
» to which they will ultimately be assigned, and the place where full references will 
pven to the details bearing upon them. 
C. Climate. 



The following questions by Sergt. John P. Finley are reprinted here with his per- 
(ioD, partly because they have a reference to clouds, and partly because it is hoped 
eiduals will favour us with similar sets of questions on subjects they are interested 
md about which they desire to collect observations. The numbers in curved 
kets are those given by the author, those which precede them are the numbers 
>ted for the " Scientific Roll " for the purpose of reference. 

TORNADO STUDIES FOR 1882. 

Without speaking too positively about the future, but unreserredly concerning the past, I 
renture to say that the year before us will probably be a remarkable one in the chronology 
I tornado season. Already and unusually early has the dreaded work commenced, and 
>Dces are rife of unexampled fury coupled with those unmbtakable signs which characterise 
aanifestations of the funnel-shaped cloud, never to be forgotten when once experienced, 
lichigan was visited on the 6th day of April by remarkably violent tornadoes, especially 
jBe which passed across the southern portion of the state, giving evidence of its wonderful 
T in Van Buren, Allegan, Kalamazoo, Barry, Eaton, Ingham, Livingston, and Oakland 
ties. This unfortunate and disastrous visitation upon the people of the Peninsula State was 
Tt, but to a less degree, realised throughout portions of Iowa, Kansas, Missouri, and Illinois, 
i« same day and during the same afternoon. 

nthin the extensive barometric trough which consummated its energy on that fatal day, 
e major axis extended south west ward from the Upper Lake region to northern Texas, and 
linor axis from the Mississippi and Ohio rivers northwestward to central Minnesota and 
lem Dakota, there appeared three points of locul atmospheric intensity, viz., central 
as, northeastern Missouri, and the Lower Peninsula of Michigan. At the places here 
ated the violence of atmospheric changes resulted in the formation of tornadoes, 
he work of investigation in Michigan has to a certain extent been completed, at least so far 
at it has been possible for me to accomplish the removal of my headquarters to Ksnsas 
Mo., where, nnder special instructions from the Chief Signal Officer, I shall prosecute the 
of investigation in the Lower Missouri Valley. 

his region of country embraces the states of Kansas, Nebraska, Missouri and Town, and can 
ily be termed the battle ground of tornadoes. It b here that this class of violent wind 
IS occurs with the greatest frequency, the most unexampled violence, the most marked 
arity, and with the most complete manifestation of their peculiar characteristics. Con- 
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tinoing my labours until the expiration of the tornado season, I shall, aside from the examination 
of any particular tornado, with a view to ^ain new and im{)ortant truths, give special attentioa 
to the following important features of this class of violent wind storms ; viz., more defiDite 
information concerning the conditions precedent and favourable to the formation of tornados iu 
general ; the phenomena and laws of cloud development ; the velocity and power of centripetal 
currents within the cloud vortex ; additional statistics respecting the tornadoes of fornier 
years ; the arrangement and perfection of an acceptable scheme whereby reliable warnings can 
be sent to certain communities in advance of the tornado, announcing that conditions are 
favourable to its formation ; and lastly, to pre.pare and disseminate such information as will 
direct people how to act in defence of their lives, and to a certain extent of their property, 
during the approach and passage of a tornado. In the accomplishment of these momeotons 
results, or in bringing to light new points of value, I am desirous to enlist the active support of 
every intelligent person throughout the Lower Missouri Valley or elsewhere. There are not a 
few ways in which even the humblest can assist. If you cannot give any fact% concerning a 
tornado of recent date, write me what you knovo about one or more whose dates of occurrence 
number many years past. In every descriptien of the tornado C9nform as nearly as poesible to the 
character of the questions propounded in the accompanying circulars. Perhaps you can send me 
some article or publication bearing upon the climatology or meteorology of your state, or some 
portion of it. Photographs, sketches or printed cuts of the effects of the violence of any par- 
titular tornado, no matter what date, would be very valuable, and thankfully received. 

As it will probably be impossible (owing to press of other work) for me to visit and conduct 
a personal examination in the case of every tornado that may occur in the Lower Missouri 
Valley or in adjoining states during the year, I will deem it a great favour, and it will certainly 
be a matter of most valuable service, if some one in the vicinity of a tornado's path will kindly 
undertake to furnish me (at his earliest convenience after the tornado's occurrence) with a 
complete history of its entire track. In performing this task, be careful to state as aocuratehr 
as possible the place of beginning. This location is not necessarily where the tornado cloud 
j|!rs£ descended to the earthy although it may be, but more truly and hence more accurately, it is 
that particular spot or portion of country over which (perhaps at a great height abovt the 
earth) the funnel-shaped cloud was fir it seen to form. 

Upon determining the place of commencement, carefully ascertain all the preliminarr 
conditions of atmospheric changes existing prior to the development of the tornado cloud. In 
conducting the examination along the track and on both sides of it, make nse of the qoestioos 
and remarks contained in the respective circulars, according as one or the other is required. Id 
determining the exact locality of final disappearance, exercise no inconsiderable vigilance, fsr 
you may most easily be deceived. It is a characteristic feature of the tornado cloud to rise 
suddenly from the earth, and, continuing its northeastward course in the lower regions of tiie 
atmosphere, again reach Urra firma after an interval of several miles. You may find a number 
of these gaps along the tornado track you are examining, but do not mistake them for points tf 
termination ; rather look upon their existence as indubitable evidences of tornado (latent) 
activity, a sign of reappearance rather than disappearance. If these gaps occur in consecotire 
order as to time and place, pursuing, when taken together, a northeastward trend, and the 
difference in time of disappearance and reappearance at each interval, accounting for the passage 
of that interval, there can be no doubt of their forming disconnected parts of one and thessme 
tonuido track. The invariable accompaniment of the tornado, the hailstorm, precedes the firA 
appearance o£ its terrible companion and succeedi its final disappearance. This characteristic 
should be carefully watched for and any peculiarity minutely recorded. If any in the prosece- 
tion of this particular work should need a quantity of circulars, the same will be mailed to them 
immediately, upon my receiving word as to how many of each kind they desire. 

In the fulfilment of my mission I have no pet theories to advance or support, neither harel 
the time to speculate much or discuss the respective merits of uncertain or untenable positions; 
but I am prepared for the reception of facts, without measure. With regard to sngffetUom^ 1 
shall be a most willing recipient, and I trust that no one, feeling a desire in this direction, will 
hesitate to communicate with me at his earliest convenience. This is emphatically a public 
enterprise, and not the effort or exclusive pride of an individual. 

It is absolutely necessary and most invaluable, when a variety of people are called upon to 
contribute iu aid of a work like this, that they should know precisely tcfuit information is most 
dciiired. 

With a view to cultivate familiarity respecting the character of the data required, 1 append 
herewith the following list of questions nnd remarks : Circular No. I contains a list of inquiries 
which are to be referred in all cases to ])ersons who, on the day of the storm, were situated 
vithout the tornado's path (to the N. or S. of it), on its immediate edge, or from one to ten miles 
distant. In brief, this is a circular for outsiders only. 

Circular No. II contains a list of inquiries which are to be referred in all cases to persoas 
situated within the tornado's path. In brief, this is a circular for insiders only. 

Circular No. Ill contains a list of inquiries which are to be referred in all cases to persons 
situated icit'tout the tornado's path (to the N. or S. of it), from 10 to 100 miles. Its scope is more 
general, and seeks for information concerning surrounding atmospheric conditions. 

232 
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The infomiAtioii called for in each drcnlar is in the main entirely distinct, bnt nevertheless 
Hiaally important in conducting a careful analysis of the phenomena of this class of riolent 
kind storms. I urgently solicit replies, on every hand and from every quarter, concerning the 
Datter hereinafter set forth : 

CIRCULAR NO. I.—- QUESTIONS AND BE1IARK8. 

8. (1.) How far and in what direction are you situated from the centre of the path of 
lestmction? (C. 1.) 

9. (2.) The time of day that the tornado cloud passed. (C. 2.) 

10. (3.) The direction of the wind while the tornado cloud was approaching. (C. 3.) 

1 1. (4.) The direction of the wind while the tornado cloud was passing. (C. 4.) 

1 2. (5.) The direction of the wind after the tornado cloud passed. (C. 5.) 

13. (6.) The direction of the wind during the fore part of the day and up to the time of the 
tirst threatening appearance in the heavens. (C. 6.) 

14. (7.) The prevailing direction of the wind at this season of the year. (C. 7.) 

15. (8.) Any hail, and did it fall before or after (how long) the tornado cloud passed? 

:o. 8.) 

16. (9.) Were the hailstones large or small, of peculiar shape, and few or many in number? 
^C. 9.) 

17. (10.) Did yon examine the interior of any of the hailstones, and if so, how were they 
formed and what did they contain ? (C. 10.) 

18. (11.) If hail fell at intervals through the day, state the times of beginning and ending 
of each precipitation separately. (C. 11.) 

19. (12.) Any rain, and did it fall before or after (how long) the tornado cloud passed ? 
(C. 12.) 

20. (13.) Any peculiarity in the size or shape of the raindrops, or in the quantity which fell ? 

(a 13.) 

21. (14.) The direction of the wind at the time of the hail, and also at the time of the ram. 
(C. 14.) 

22. (15.) If rain fell at intervals through the day, state the times of beginning and ending 
of each precipitation separately. (C. 15.) 

23. (16.) What time of day did threatening appearances commence, in what portion of the 
horison, and at what time were they the most decided? (C. 16.) 

24. (17.) Describe the character and motion of the surrounding clouds before, during, and 
afier the tornado dond passed. (C. 17.) 

25. (18.) Give the time of day at which the light or dark irregular clouds surrounding the 
tornado doiid were in the greatest confusion, and describe the scene. (C. 18.) 

26. (19.) If you saw the tornado cloud, describe or sketch it, and note particularly any 
cksage in motion or the successive stages of development during the time of observation. 
(C 19.) 

27. (20.) Give the direction of the whirl of the tornado cloud, as against or with the hands 
of s watch. (C. 20.) 

28. (21.) Give all the motions of the tornado cloud which you observed, or which you heard 
tliat others had witnessed ; as for example : rising and falling, swaying from side to side, or 
whiriing about a central axis, etc, etc. (C. 21.) 

29. (22.) Thunder or lightning, in what portion of the horizon, at what time of the day and 
whether violent or otherwise. (C. 22.) ** ' 

30. (23.) Was lightning seen in the funnel-shaped tornado cloud, or in the dark, heavy 
doads surrounding it to the N. and W. ? (C. 23.) 

31. (24.) Was the day unusually warm and sultry? Give the maximum temperature if 
INNsible, and state the hour at which it was observed, together with the direction of the wind and 
tht state of the sky existing at the time. (C. 24.) 

32. (25.) Condition of the temperature after the tornado cloud passed. Did the air 
suddenly or gradually grow colder ? (C. 25.) 

33. (26.) What had been about the average daily temperature, together with the accompany- 
ing direction of the wind, for eight or ten days previous to the occurrence of the tornado ? (C. 26.) 

34. (27.) Give the direction of the course pursued by the tornado cloud along its path of 
destruction in your locality ; as for example, N 70° E ; E 30° N or E 20° S ; etc., etc. (C. 27.) 

35. (28.) Give the maximum and minimum width, in yards or rods, of the path of destruc- 
tion in jonr vicinity ; and state, if you can, whether, in examining that path, it was found that 
on the S. side of the centre the sweep of destruction was broader and more regular than on the 
N. side, or if any other difference existed between the two sides. (C. 28.) 

36. (29.) If you, or any of your neighbours, have meteorological instruments, give the 
readings of the thermometer and barometer, direction of the wind and the hour of observation, 
for two days before, on the day of the storm, and for two days thereafter; viz. on the 

(C. 29.) 

37. (30.) If yon recall the occurrence, in times past, of any other tornado in your state, 
give ycmr, month, day of month, hour of day, the direction of the course of the path of detitu<i- 
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tion as punned by the tornado clond, its length in miles, arerage width of deftmctiTe path in 
jards or rods, maximnm width, minimum width, and, if possible, the hour of beginning and hoar 
of disappearing of the tornado cloud. (C. 30.) 

When I aslc for direction of wind, I mean direction of motion of the surrounding sir 
currents, independent of the course or motion of the tornado cloud. 

When time of day is asked, give the same in hours and minutes, and state whether it is locsl 
or railroad time, and by what standard, yiz., Chicago, Detroit, Columbus, St. Louis, etc, etc 

In giving your distance from the centre of the path of destruction, indicate the same in 
miles and parts of miles or rods, stating the amount in northing and easting, northing and 
westing, southing and easting, or southing and westing, estimated along section or township 
lines. 

If not indiTidnally prepared to answer any or all of the above questions, please call to jour 
aid such persons as may, in your judgment, be able to render you assistance. 

If possible, try to represent the tornado cloud by a rough sketch, as also the dark and 
irregular clouds surroundine it. 

In describing the path of destruction, be careful to note where the tornado cloud left the 
ground, where it again descended, the length of the interval and the topography of the earth st 
the points of ascension and descension. 

Send any newspaper article concerning the storm which you may have or can obtain without 
inconvenience. 

Give name and address of any one in your state who is in the habit of keeping a meteoro> 
logical record. 

If possible, try and secure the co-operation of some intelligent person, who, at the time of its 
occurrence, was situated either in the path of the tornado or on the outer edge of it, and who 
will be willing to furnish me a narrative of the result of his observations. 

In all descriptions of the tornado's path, in giving any particular destruction in it, or in 
detailing your experience while the tornado clond was passing, be careful to state on whidi side 
of the centre (to the N. or to the S. and how far) the damage occurred or you were sitoated whilt 
a witness of the scene. 

I 

I 

CIRCULAR NO. II.— QUESTIONS AND REMARKS. 

38. (1.) What day of the month and at what time of the day did the tornado clond pas? 
Take great care in giving the exact time. Perhaps you watched your clock or noted the ap^osch 

or passage of a railroad train. (C. 31.) -• 

39. (2.) Give the position of your house with respect to the nearest post office, indicstia^ I 
the same in miles and parts of miles or rods ; state the distance in northing and easting, northiaf P 
and westing, southing and easting, and southing and westing, estimated uong section and tows- -^ 
ahip lines. (C. 32.) 

40. (3.) How far and in what direction is your house situated from the centre of the path 
of destruction ? (C. 33.) 

41. (4.) Give the direction and distance from your house to your various farm buildingi} if 
possible drawing a plan of the same and indicating the points of the compass. This plan leei 
only be a rough sketch. (C. 34.) 

42. (5.) Give the dimensions of your buildings and state the character of each as to whether 
they are log, frame, stone, or brick, and weak or strong. (C. 35.) 

43. (6.) In drawing a plan of your buildings, indicate the position of the tornado's path 
with respect to each of them and the direction in which the tornado cloud moved. (C. 36.) 

44. (7.) State in detail and separately the damage to each building ; what poitien or 
portions were taken away or injured ; how far and in what direction were they moved bodilf; 
what portion of each was first struck by the Wind, and how far and in what direction were the 
debris carried? Be very careful to give the exact position and peculiarities of structnn 
of buildings which were not damaged although standing near those which were destrojti 
(C. 37.) 

45. (8.) In the damage or destruction of each or any building, state particularly how 
far and in what direction any portion of them was carried a considerable distance. (C. 38.) 

46. (9.) If any object has been carried a long distance by the force of the wind, Etst« 
where and what it came from ; its dimensions ; its shape ; probable height to which 
transported in the air ; whether driven into the ground or not, how far and into what kind of 
earth. (C. 39.) 

47. (10.) State whether articles of clothing, fowls, or animals were carried into the air, to 
what height, to what horizontal distance, and in what direction. (C. 40.) 

48. (11.) Give detailed destruction of furniture contained in the house and of fanning 
implements in or about the bams. (C. 41.) 

49. (12.) State the number, kind, and in what manner stock were killed or injured, snd 
whether at the time of the storm they were in or without buildings. Also narrate any mines- ' 
lous escapes of life. (C. 42.) 

50. (13.) With respect to your family, give the whereabouts and condition of each persoa 
on the approach of the tornado, and also after the tornado cloud passed. Give age and aex of 
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n, and pftrticalariM the character and extent of injuries to each. State very carefully 

ice and direction in which any of the penons were carried, and also narrate any 

8 escapes of life. (C. 43.) 

4.) Be particular to note any evidence of the wind's extreme violence, as in the lifting 

>bjects ; the twisting of trees or heavy pieces of timber ; pulling up of fence posts ; 

heavy stones, etc, etc. (C. 44.) 

5.) In describing the injury to any person, animal, or object, never ^1 to give the 

nd direction of such person, animal or object from the centre of the path of destruction 

e the tornado cloud passed. (C. 45.) 

5.) With regard to destruction in orchards, among shade trees, and in forests, be 

to give the direction in which the trees lie ; how they lie en the two sides with regard 
her and to the centre of the path of d^truction ; any special acts of violence in the 
uprooting, or breaking off of heavy timber ; give circumference of large trees, height 
and where broken off, and dimensions of earth and roots where notably large trees were 
TL (C. 46.) 
7.) In general, when giving the position of any person or thing with regard to the 

the path of destruction, state the distance in feet or rods, and the direction, as 
(C. 47.) 

8.) Give the maximum and minimum width, in yards or rods, of the path of 
n in your locality. (C. 48.) 

9.) How many funnel-shaped clouds did you see ? Describe each, giving their relative 
>es, and positions, and if possible a rough sketch of each. (C. 49.) 
0.) Did you hear a roaring noise on the approach of the storm, and if so, state the 
or any accompanying peculiarity. (C. 50.) 

1.) Did you notice any peculiarity with the manner in which small objects were 
removed from around about buildings as if sucked in by the advancing cloud ? (C. 51.) 
2.) Did you notice any peculiarity in the falling of trees as the tornado cloud 
upon them ? Were they whipped about and bent to and fro as in a heavy wind, or 
' drawn steadily inward toward the centre on both sides, as if by some mysterious but 
e force? (C. 52.) 

13.) How many rods of fencing (stating kind) did you have blown down ; in what 
were the K. and S. fences carried ; what was the direction in which the £. and W. 
re carried? (C. 53.) 

(4.) Give an estimate in money value of the loss to your property occasioned by the 
he number of acres of timber you had destroyed, and the number of fruit trees you had 
or broken off. (C. 54.) 

!5.) Be particular to give the exact position, also the dimensions and probable strength 
tit of small objects which were not moved from about large buildings, although the 
re entirely destroyed. (C. 55.) 

!6.) Give the direction of the wind while the tornado cloud was approaching, while 
do cloud was passing, and after the tornado cloud passed. (C. 56.) 
27.) The direction of the wind during the fore part of the day and up to the time of 
threatening appearance in the heavens. (C. 57.) 
IS.) The prevailing direction of the wind at this season of the year. (C. 58.) 

In asking for the direction of wind, I mean direction of motion from the surrounding 
its, independent of the course or motion of the tornado cloud. 
30.) Any hail, and did it fall before or after (how long) the tornado cloud passed ? 

)1.) Were the hulstones large or small, of peculiar shape, and few or many in number ? 

:t size and weight of the largest. (C. 60.) 

32.) On which side of the tornado's path (to the N. or to the S.) did the hailstones 

• fall in the greatest quantity ? (C. 61.) 

33.) Did you examine the interior of any of the hailstones, and if so, how were they 

id what did they contain ? (C. 62.) 

^.) If hail fell at intervals through the day, state the times of beginning and ending 

precipitation separately, together with the direction of the wind at each occurrence. 

35.) Any rain, and did it fall before or afler (how long) the tornado cloud passed ? 

36.) On which side of the tornado's path (to the K. or to the S.) was the rainfall the 

' (C. 65.) 

37.) Any peculiarity in the size or shape of the rain-drops, or in the quantity which 

. 66.) 

38.) If rain fell at intervals through the day, state the times of beginning and ending 

|)recipitation separately, together with the direction of the wind at each occurrence. 

39.) What time of day did threatening appearances commence, and in what portion of 
on, and at what time, were they the most decided ? (C. 68.) 

285 



THE SCIENTIFIC ENQUIEEB. 



76. (40.) Describe the character and motion of the anrrounding clonds before, during, and 
after the tornado cloud passed. (C. 69.) 

77. (41.) Give the general atmospheric conditions of temperature, wind direction, hnmidity, 
and clouds, for from ten to fifteen days previous to the occurrence of the tornado and from three 
to five days thereafter. (C. 70.) 

78. (42.) Give the time of day at which the light or dark irregular douda aurrounding tJie 
tornado cloud were in the greatest confusion, and describe the scene. (C. 71.) 

79. (43.) Describe any particular change or motion in the tornado cloud and the succeMire 
stages of development during the time of observation. (C. 72.) 

80. (44.) Give the direction of the whirl of the tornado cloud, as against or with the haadf 
of a watch. (C. 73.) 

81. (45.) Describe minutely the manner in which objects were carried inward, upwaid, and 
about in the whirling vortex of the tornado cloud ; how thrown outward and from what portion 
of the cloud. (0. 74.) 

82. (46.) Describe the colour of the tornado cloud ; its density ; how and when changes in 
colour and density occur; the colour and density of the bottom of the cloud as compared 
with the top; the existence of light and peculiar fleecy clouds over and about the upper 
portion. (C. 75.) 

83. (47.) Give the comparative size of top and bottom of tornado cloud ; note particularly 
and describe minutely any change in form w^hen the bottom or tail reached the surface of the 
ground. (C. 76.) 

84. (48.) Did the tornado cloud remain in a vertical position as it travelled forward, er 
was the tail of it inclined; in what direction and how many degrees from the perpendicular? 
(C. 77.) 

85. (49.) Give all the motions of the tornado cloud which you observed, or which yoo 
heard that others had witnessed ; as for example, rising and falling, swaying from aide to iii, 
or whirling about a central axis, etc., etc. (C. 78.) 

86. (50.) In examining the path of destruction, did you find any difference between the 
N. and S. sides of it ? Which side was the widest ; which the cleanest cut ; which the mflst 
irregular and jagged along its outer edge ; on which side were narrow paths of dcstructioo est 
inward toward the centre ? (C. 79.) 

87. (51.) Thunder or lightning, in what portion of the horizon, at what time of the day, 
and whether violent or otherwise. (C. 80.) 

88. (52.) Was lightning or any other manifestation of electricity witnessed in the fmmel- 
shaped toniado cloud as it approached or passed? If so, describe the appearance minutely. 
(C. 81.) 

89. (53.) Was lightning seen in the dark heavy clouds surrounding the tornado cloud te 
the N. and W.? (C. 82.) 

90. (54.) Was the day unusually warm and sultry? Give the maximum temperature if 
possible, and state the hour at which it was observed, together with the direction of the wild 
and the state of the sky existing at the time. (C. 83.) 

91. (55.) What was the condition of the temperature after the tornado cloud passed? Did 
the air suddenly or gradually grow colder? Give the minimum temperature for that aftezMoa 
and evening, and during the night, with direction of the wind. (C. 84.) 

92. (56.) What had been about the average daily temperature, also the maximum tad 
minimum, together with the accompanying direction of the wind, for eight or ten days pievio* 
to the occurrence of the tornado and for three days succeeding its appearance ? (C. 85.) 

93. (57.) Give the direction, in degrees, of the course pursued by the tornado cloud akaf 
its path of destruction in your locality ; as for example, N. 70° E. ; E. 30° K., etc, etc (C.86.) 

94. (58.) If you, or any of your neighbours, have meteorological instruments, give tie 
readings of the thermometer and barometer, direction of the wind and the hour of obeervatioa, 
for two days before the day of the storm, and for two days thereafter, viz^ on tie 

(C. 87.) 

When the time of day is asked, give the same in hours and minutes, and state whetlMril 
is local or railroad time, and by what standard, viz., Chicago, Detroit, Columbus, St. Loviii 
etc., etc. 

If possible, try to represent the tornado cloud by a rough sketch, as also the daik and 
irregular clouds surrounding it. 

95. (61.) In describing the path of destruction, be careful to note where the tornado doid 
left the ground, where it again descended, the length of the interval; and the topography of the 
earth at the points of ascension and descension. Also state whether the hail and rain con* 
tinued to fall after the tornado cloud rose from the earth and disappeared in the oveihaagiB| 
clouds. (C. 88.) 

Send any newspaper article concerning the storm which you may have, or can obtaia 
without inconvenience. 

Give name and address of any one in your state who is in the habit of keeping a meteoio- 
logical record, or who desires to keep one and would like instructions. 

If possible, try and secure the co-operation of some intelligent person, who, at the time of the 
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occairence, wan situated either in the path of the tornado or on the outer edge of it, and who 
will be willing to furnish me a narrative of the result of his observations. 

In all descriptions of the tornado's path, in giving any particular destruction in it, or 
in detailing jour experience while the tornado cloud was passing, be careful to state on which 
side of the centre (to the N. or S. and how far) the damage occurred or you were situated while 
a witness of the scene. 

96. (66.) Give an estimate of what you consider the progressive velocity of the tornado 
dond ; how many miles per hour. Give the data upon which you make the estimate, and why 
you believe voar estimate to be reliable. (C. 89.) 

97. (67.) What evidence can you give of the existence of upward and whirling currents of 
air within the central portion of the tornado cloud ? (C. 90.) 

98. (68.) Estimate the time in minutes or seconds during which the tornado cloud 
was committing the destruction at your buildings or in passing them at a safe distance. 
(C. 91.) 

99. (69.) As the tornado cloud approached, from what direction came the wind you first 
experienced, whether against your body or against the building within which you were situated 
tttheUme? (C. 92.) 

100. (70.) Did you notice any peculiar odour in the atmosphere during the passage of the 
tornado cloud, and what was it like ? (C. 93.) 

101. (71.)- Do you know of any one who made observations on the presence of ozone in the 
atmosphere on the day of the storm ? If so, send me his address or give the result of the 
obierTations. (C. 94.) 

102. (72.) Do you know of any one who made observations with the galvanometer or 
rampass concerning the deflection of the needle during the day of the storm, especially while 
the tomsdo cloud was passing a given point ? If so, send me his address or give the result of 
the obfervations. (C. 95.) 

10^). (73.) Try and give an estimate of what you consider the wind*s velocity within the 
central whirl of the tornado cloud, and also the data upon which you base this estimate. 
(C.96.) 

104. (74.) In the destruction of your buildings, did you notice anything in the disposition 
of the debris after the tornado cloud passed that would indicate the eflect of nn explosion; as, for 
example, the sides and the ends of a building being thrown outward and the roof carried off or 
let down upon the floor ? (C. 97.) 

105. (75.) In the passage of the tornado cloud over a pond, lake, or river, carefully 
describe every particular in the disturbance of the water ; how high into the air any portion 
of it was carried ; if any fish, shells, stones or the like were carried out and in what direction. 
Also state the exact position of the person or persons who witnessed the scene. (C. 98.) 

106. (76.) Was mnd, bits of leaves, straw, grass or the like thrown against your buildings ? 
If sOy state on what particular portion or portions, and whether apparently thrown thereon 
'With great force. If thrown upon the bodies of persons or animals, carefully state the circum- 

(C. 99.) 

107. (77.) Where trees were overturned and wrenched or twisted by the force of the 
U describe minutely how and in what direction the twist runs ; that is, its direction, as with 

f>r against the hands of a watch. Perhaps you can compare it with the bit of an auger or 
indicate the same by a rough pencil sketch. Also state what portion or portions of the tree 
ivcra twisted, and what the kind of timber. (C. 100.) 

108. (78.) Observe carefully where the tornado cloud passed through forests, and state on 
vkieli tide of the tornado's path (to the N. or S.) the trees were broken off at a considerable 
li#^ht above the ground ; the maximum and minimum height ; general size of trees so affected ; 
Idcad of timber, and whether broken square off or twisted. Try and illustrate the path through 
the timber by a pencil sketch showing the various directions of the prostrated trees. Indicate 
tkc points of compass. (C. 101.) 

109. (79.) Did you notice any distinct peculiarity in the approaching or overhanging 
^oods from which the hail itself fell ? Did the haibtones appear to drop from the funnel- 
■hapod elond, or from surrounding clouds ? (C. 102.) 

110. (80.) Sketches of clouds, of peculiar destructive effects, of hailstones, of anything 
tint will illustrate any distinguishing feature of the storm's violence are very desirable. 

<G. 103.) 

111. (81.) If yon recall the occurrence, in times past, of any violent hailstorm in your 
state, giro the place, year, month, day of month, hour of day, direction of the storm, maximum 
aad minimum width of path in rods or miles, size and shape of hailstones, and a narration of 
the destructive effects. (C. 104.) 

37. (82.) If you recall the occurrence, in times past, of any other tornado in your state, 
gire jear, month, day of month, hour of day, the direction of the course of the path of destruc- 
f pi i as pnrsaed by the tornado cloud, its length in miles, average width of destructive path in 
jaids or rods, maximum width, minimum width, and, if possible, the hour of beginning and hour 
at disappearing of the tornado cloud. (C. 30.) 
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ANNOUNCEMENTS. 

Part ni. of the " Soientifio Roll " will be commenced, if life and health and support be 
granted to the Conductor, in 1883. In order that the bibliography may be as full as 
possible, authors and publishers are respectfully solicited to send copies of, or references to, 
all their publications dealing with the barometrical condition of the air. 

As soon as 200 persons have expressed a wish to subscribe for any ono of the subjectit 
mentioned below, the publication of that section of the " Scientific Boll " will be forthwith 
commenced. The subscription price will be 7«. Qd. and lOi . for each yolume, according as 
the residence of the subscriber is at home or abroad. Each volume will comprise from 
400 to 500 pages ; and each volume will, in most cases, contain two or more parts, each of 
which may be subscribed for separately. The extent of these parts will depend upon the 
amount of matter in hand, so that the subscription price for each cannot be fixed at present, 
but will be settled when the publication of each part is conmienced. The following is a 
list of the principal subjects : — 

Atmosphere, Water, Ocean, Rivers, Lakes, Springs, Glaciers, Land, Elevation and Sub- 
sidence of Land and Sea-Bottom, Denudation, Orography, Earthquakes, Volcanoes, Marshes, 
Minerals, Stratigraphy, Rocks, Plants generally and in classified groups ; Animals gene- 
rally; Protozoa, Actinozoa, Hydrozoa, Echinodermata, Crustacea, Soolecida, Annelida, 
MoUusca, Myriapoda, Arachnida, Rhynchota, Orthoptera, Diptera, Coleoptera, Lepidopten, 
Neuroptera, Hymenoptera, Pisces, Amphibia, Beptilia, Aves, Mammalia, and Man. 

Subscribers' names only are asked for now. The sending of these will not involve anjr 
pecuniary liability, but will simply be taken as implying that the senders take an intereiit 
in the work, and will probably undertake to subscribe when asked to do so. 
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1823. 

Daniell, J. F. Concluded from page 219, 

^offe 62) We must now provide some obstacle by which the course of the vapour may 
retarded in its ascent ; then may the condeosation take place gradually and at 
!TeDt heights. The relative distances of these points of precipitation will depend 
Q the force of the vapour, and the greater or less facility with which it overcomes 
mechanical obstruction. For the scale of temperature laid down, the following 
le would represent an adequate balance of evaporation and condensation with the 
ffopriate degrees of elasticity between the points : 

Hdght. Sensible Constitaent Temp. Elasticltj. State of Force of 

Feet. Temp. of Vapour. Atmosphere. Eraporation. 

80° 67.9° .673 Clear. 327 

5,000 64.4 [♦]64.4 ♦.606 aoudy. 467 

10,000 48.4 19.0 .124 Clear. 

15,000 31.4 16.0 .112 do. 

20,000 12.8 [♦]12.8 ♦.lOO Cloudy. 80 

25,000 -7.6 -20.7 .027 Clear. 

30,000 -30.7 [♦]-30.7 ♦.020 Hazy. 

[*] are asteriaks added in the 1845 Ed. 

rhe last column gives the relative force of evaporation at the different points, 
)po6iDg the total effect, if unopposed and sudden, to be 1000, and the same 
ibers will represent the comparative amount of precipitation at the several 
Jrvals of condensation, or the relative densities of the three clouds. In this 
iner the struggle between the elasticity of the stream [corrected to steam in 
5 Ed.] and the condensing power of the cold is divided and moderated, and the whole 
iess becomes so gentle as quietly to restore the balance of force aud temperature, 
ided the counteracting cause be not of a permanent nature. The moisture falling 
iially back into the excess of heat below is converted into vapour of higher force, 
h pressing more upon the inferior strata proportionably raises their densities. From 
re 64) these considerations it would appear that, in any single column considered 
self, clouds of greater or less densities, and evaporation of greater or less force must 
e consequence of a temperature decreasing in a more rapid progression than is due 
e law of aqueous vapour. While the atmosphere is in the state represented in the 
able, let us now contemplate the effects of a general reduction of sensible tempera- 
upon the constituent temperature and the different points of precipitation. We 
suppose the fall to take place gradually, and to amount to 18°. In the first place, 
lastic force upon the surface will be diminished, but will approach the point of pre- 
ition within 3°. A plane of condensation will be established between the surface 
he height of 5000 feet. So likewise the vapour from 9000 to 14,000 feet will not 
sturbed, but the second plane of condensation will descend from 18,500 feet to an 
mediate position between that elevation and 14,000 feet, llie shifting of these 
8 would not be sensible at the surface for the light precipitations which would 
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accompany their slow subsidence would be expended in equalising the ten^entoni 
We must next contemplate these various phenomena, hitherto considered as confined to 
a mngle column, in connection with adjacent sections. Let us take, as an iUostntioo, \ 
the equatorial colunm of 80^ in the state in which we have just considered it, and the 
adjoining one of 76*8^. The flow of the lateral currents may be determined by the 
following table : 

10° Lat. O® Lat. 



IHdght. 


Sensible 


Const. 


KlARtidty. 


State of 


Sensible 


OoDSt. 


Elaatlclty. 


Sutitd 


Feet. 


Temp. 


Temp. 




Sky. 


Temp. 


Temp. 




Sky. 





76.8° 


51.0° 


.388 


Clear. 


SO® 


67. 9° 


•673 


dear. 


6,000 


61.1 


48.0 


.351 


do. 


64.4 


[*]64.4 


.606 


do. 


10,000 


[♦]44.9 


45.0 


.316 


Cloudy. 


48.4 


19.0 


• 124 


do. 


15,000 


27.7 


12.0 


.096 


Clear. 


31.4 


16.0 


.112 


do. 


20,000 


9.3 


9.3 


.087 


Cloudy. 


12.8 


12.8 


.100 


do. 


25,000 


-11.6 


-32.0 


.019 


Hazy. 


-7.6 


-27.0 


.027 


do. 


30,000 


-35.0 


-35.0 


•016 


do. 


-30.7 


-30.7 


.020 


do. 



[The asterisks [*] are additions made to the 1846 Ed.] 

{Page 66) In this table the first point of condensation above in the eqnatoriil 
division is supposed to take place at the height of 5000 feet ; while at latitude 10^ it is 
fixed at 10,000 feet ; and it will be seen that up to the former elevation the vwpoat of 
the first column is of much greater elasticity and density than that of the latter; it will 
consequently flow towards it with considerable force. No cloud will be formed, at tlie 
point of condensation, for the supply arising from the evaporation at the sur&ce will be 
carried off in a lateral direction ; or, if previously formed, would soon be dissipated bf 
the same action. Nor would the transparency of latitude IQP be affected tip to this 
height ; for the current which it would receive would in constituent temperatnie stzO 
be below what its sensible heat would maintain. But above this line a dense tknd 
would be precipitated. A counter flow of small extent towards the equator will h 
established at 10,000 feet ; and above this again the pressure will return to the fint 
direction. The constituent temperature of the returning current being below t]» 
temperature of the elevation, the transparency of the equatorial column will be piCHm ? ed 
throughout. These lateral currents are supposed to take place under the same medbanied 
retardation as the ascending vapour. Enough has been done to show generally thattliB 
necessary condition of transparency in any vertical section of an atmosphere of poDf 
(^Page 67) vapour, in which, from some extraneous cause the temperature d'TP^T^^'^ 
faster than the natural progression, is that the quantity generated from the evapontiai, 
necessarily accompanying such circumstances, should be carried off to adjoining regiooi 
Let us now suppose that water is only partially diffused, and that the unoovend 
portions are absolutely dry. Vapour out of contact of water expands -^ part of Hi 
volume for each 0° Fahr. If a current, therefore, were to pass over a dry space^ hestad 
to a degree higher than itself, the same changes in its constitution would take plioeiii 
miniature as in dry atmosphere. The density would diminish, while its elasticity wooU ; 
(^Page 68) remain the same upon the surface, and be increased at higher statianSi TIm 
following table shows the effects of expan^on upon vapour heated beyond the dsv 
point: 






Height. 


ElaaUcity. 


Const. 


Senslhle 


Feet. 




Temp. 


Temp. 





1.0 


80.0 


90.0 


5,000 


.899 


76.5 


86.5 


10,000 


.808 


73.0 


83.0 


15,000 


.727 


70.0 


80.0 


20,000 


.653 


67.0 


77.0 


25,000 


.587 


63.0 


73.0 


30.000 


.527 


60.0 


70.0 



Such modifications would necessarily ensue in the cases which have already been oott- 
sidered of the constituent temperature falling below the sensiUe heat ; 
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able witli that on p. 54, it will be seen that the total effect at the greatest extreme 
not exceed '007 in. and it will be unnecessary in the general view we are 
g of the subject to introduce a correction to such a small amount. In the case of 
ir becoming heated in this manner out of contact with water, it may reach its point 
position at a higher elevation without producing any sensible clouds ; for although 
uld be instantly restored to the elastic form by the excess of heat in the inferior 
i ; and no accumulation could be formed for want of supply from the dry surface 
7 — a slight hariness might be the result. Let us now imagine a stream of vapour 
« 69) of known density filtering its way laterally through the resisting obstacle 
h we have supx)oeed, from one part of the sphere which is covered with water of a 
in temperature to another which is perfectly dry, and of equal or superior temperar 
As it arrives at the latter point it will diffuse itself rapidly over the dry space, 
its elasdcity being no longer confined by an incumbent atmosphere of like density 
be reduced, and it will assume that force which its own diffusion will enable it to 
tain« Or a stream of vapour, of high elasticity, flowing into a space where there 
dy exists an atmosphere of inferior force, will be reduced in density to that of the 
nl mean. In the next table [xxxii.] are represented two contiguous columns of 
nr, the firat incumbent upon water of the temperature of 70°, and the second upon 
iand of the temperature of 80°. It is obvious that the former will flow into the 
r, but will no longer be distinguished by Its constituent temperature of 60° but will 
duced to the standard of the second column of 32°. The elasticity of this column 
rise with the difference of the first : 



.Tcnip. 


Const. Temp. 


Elasticity. 


Gen. Temp. 


OoDSt Temp. 


ElasUdty. 


70° 


60° 


.524 


80° 


32° 


.200 



the supporting surfiace may be neither water nor yet perfectly free from it, but we 
le 70) will imagine it to be earth differently imbued with moisture, and variously 
)d ; then a partial supply, varying in quantity in different places, but of the same 
e of density would take place, and clouds of more or less opacity would be formed 
rresponding situations in the planes of deposition above. The following table will 
to illustrate these different positions : 



L 


General 


Const. 


Wster 60.80 


Moist Earth 70° 


Dry Earth 8OO 




Temp. 


Temp. 




Force of 
Evsp. 


Atmoe. 


Force of 
Evap. 


Atmos. 


Force of 
Evap. 





60.8° 


340 


Clear. 


•368 


Clear. 


•507 


Clear. 


•786 





44.6 


31 


do. 


Density. 


do. 


Density. 


do. 







27.9 


28 


Cloudy. 


• 368 


Cloudy. 


•092 


Hazy. 







10.0 


-6.4 


Clear. 




Clear. 




Clear. 







-9.4 


-9.4 


Cloady 


.126 


Hazy. 


.021 


do. 







-31.2 


-31.2 


Hazy. 


.020 


Clear. 




do. 







-55.9 


-55.9 


Clear. 




do. 




do. 





age 71) The same general temperature is here supposed to prevail momentarily 
ery part of an atmosphere of equal force, resting upon a surface covered with 
: in one part, with moist earth in another, and dry in a third, and varying more- 
in heat in the three situations. The first point of precipitation is placed at 
O feet The water upon which the first part of the column rests is of the same 
e of heat as the general temperature at the surface, the force of evaporation is 
and as the supply is equal to the force, the density of the cloud is 368. The 
i earth, upon which the second portion rests, is of the temperature of 70°, which 
B the force of evaporation 507 ; but less steam being given off from the earth 
from the water, the quantity of the precipitation is proportionally diminished, 
iry surface which supports the third portion is heated to 80°, and yields no 
T ; the evaporating force, which is equal to 786, is wholly unsupplied, and no 
can therefore be maintained. The higher points are subject to the same modifiea- 
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tions. The temperature of the evaporating surface r^ulates the quantity of water 
raised in vapour, the tension of the pre-existing atmosphere deteiminee its elasticity. 
{Page 72) In the operations of the aqueous steam a power is developed folly adequate 
to produce the disturhances of temperature hypothetically proposed in the ezaminatioii 
(JPage 73) of the permanently elastic fluid. We may now investigate the oompocuid 
qualities of a mixture of dry air and aqueous vapour, and their mutual relatiom so 
comhined. The properties, which each possessed in its separate state, will be retained 
in this connection unchanged, and the two fluids will exercise no further action npoo 
each other than a mechanical opposition when in motion. The particles of steam, in 
penetrating the interstices of the permanently elastic fluid, experience the same speda 
of retardation as exists in their flowing through the pores of sand or cotton. When t 
state of equilibrium is attained, this mutual action ceases, and the particles of etch 
press only upon those of their own kind. There are, therefore, two prindpal points of 
view under which such a mixture may be regarded— one in which the particles are in t 
state of equipoise amongst themselves, and the other where they are seeking an 
{Page 74) equilibrium by means of intestine motion. The first may be regarded 
as a homogeneous fluid. We will now inquire what will be the natural state of saeh 
an atmosphere surrounding a sphere of uniform temperature throughout. But m 
must first consider the effects of mixing known measures of the gases with vapour of 
different degrees of force. The first eflect is increase of bulk under equal pressure in 
the permanently elastic fluid, not in proportion to the measure of vapour in it, bat in 
proportion to its elasticity. Thus if we mix a cubic foot of dry air of the temperatnra 
of 212^ and of the elasticity of 30 inches with as much steam as would rise in tbe 
space of a cubic foot of the same temperatiu'e, and consequently of the force of 30 incbei, 
the mixture would occupy the space of two cubic feet. So if we mix a like measure of 
air of the temperature of 32^ and of the elasticity of 30 inches with as much vapour n 
would form in the same space at the temperature of 32°, and consequently of the ibros 
{Page 75) of only '2 inches, the bulk of the gas will only be increased *00666 of a 
cubic foot. The second result is that the specific gravity of the gas is decreased, but 
not exactly in proportion to its expansion ; for, while the vapour dilates its parts, it 
adds its own weight to the mixture. But this weight, though increasing with the 
elasticity, being, in all cases, less than that of an equal bulk of common air, decrease of 
density must follow. [See under 1793, Dal ton, p. 101.] llie diminution becooMi 
greater with every increment of temi)erature. Let us imagine a homogeneous atmo- 
sphere of air of the temperature of 77° and 30 inches pressure ; its specific gnvi^ 
compared to air at 32° would be '90626. Let us suppose this to be mixed with as 
atmosphere of vapour of the same temperature and -91 inch force ; the specific gravity 
of the mixture under equal pressure would be .89312 ; its total pressure would be 
30*91 in., and its height would be increased from 28,775 feet to 30,260 feet. But at 
the temperature of a homogeneous atmosphere must fall on assunung that gradatioa 
of density which is essential to its natural state, the quantity of vapour must thereto 
{Page 76) suffer a proportionate reduction. The next table (xxxiv.) shows the smill 
quantity of vai)0ur which could exist with the atmosphere of air, supposing it saturated 
throughout 



Height. 
Feet. 


Temp. 


ElasUcity. 





77.0° 


.910 


5,000 


61.0 


.543 


10,000 


45.0 


.31G 


15,000 


27.5 


.171 


20,000 


9.3 


.088 


25,000 


-11.0 


.042 


30,000 


-35.0 


.016 



QTie average quantity [elasticity in 1845 Ed.], therefore, of vapour to this height couM \ 
not exceed '297 in. We must further consider that the altitude to which we havs 
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our specalatioQS has comprised but two-thirds of the total height of oar 

the remaining third may, without any risk of error, be considered, from 

lowness of its temperature, to be totally free from vapour. The mean pressure of 

would thus be reduced to '198 in. ; and, supposing such a state of circum- 

to be possible, the barometer would only rise from 30 in. to 30*198 in. in the 

surrounding a sphere of the temperature of 70'' by a change from absolute 

to perfect moisture. Nor would such a state of saturation constitute by any 

^F^^e 77) means a natural condition of such an atmosphere as we are contemplating. 

if a general mixture could be effected, in the proportions which we have above 

the elasticity of the steam at the bottom of the column would be greater 

tftta the weight which the upper strata would confine ; so that being urged upwards 

il would be condensed by the temperature of the air, which decreases faster than the 

fngiettion due to the vapour, and the barometer would not rise to the height just stated. 

A ilite of complete mixture, in which all the particles would be at rest amongst them- 

alves, cannot, therefore, exist in the natural [* compound ' in 1845 Ed.] atmosphere ; 

Old it can only, consequently, be regarded in the second point of view distinguished 

abofe, namely, as in a state of intestine motion. To place these particulars in a clearer 

l^t let U8 trace the progress of vapour just beginning to form in a perfectly dry 

ttao^here. Yac this purpose we will imagine the temperature of the sphere to be 77^. 

Let 08 DOW imagine water suddenly to overflow the surface, and evaporation will 

iMtimly commence. No atmosphere of vapour exists to impede its progress ; the 

lueent steam will, therefore, merely assume the degree of tension necessary to over- 

MM the vis inertisB of the air which obstructs its motion. What this force may be 

K have not, perhaps, sufficient data to determine. We must, for the present, fix it 

Kbitrsrily and assume that at the temperature of 77° and pressure of 30 in., it amounts 

(Page 78} to *200. The constituent heat of vapour of this elasticity is 32°, so that 

tt the height of about 13,500 feet it would meet with its point of condensation. An 

tqueous- atmosphere of such a degree of force being now established, fresh resistance 

lo this amount is made to the progress of evaporation ; and the elasticity of the rising 

ateam must be doubled. Its constituent temperature is thus raised to 52°, and it cannot 

thereic»e pass the height of 7500 feet without decomposition. [The 1845 Ed. has 

* deposition.'] The resistance upon the surface now amounts to *601 in., to overcome 

whkh vapour at 65° must be emitted. The first point of precipitation in ascending 

from the surfiice would thus be fixed at about 3600 feet. We may now further remark 

that the difiTusion of vapour does not cease at the height of 3500 feet [corrected to 

13^500 in 1845 £d.] ; but the mechanical obstruction is proportionately reduced, and it 

is carried by successive stages to more lofty regions, where its tenuity is so much 

increased that it speedily eludes all observation. 

With regard to the various points of condensation it is probable that no cloud would be 
formed in any of them. The process of evaporation would be so gentle imder these 
drcumstanoes that little above 6 grains of water would be raised per minute from the 
soriace of a square foot ; so that as the gradual precipitation of this quantity took place 
between the different stages it would instantly be redissolved by the excess of heat into 
which it would naturally incline to falL The circulation thus be<x>mes a process of equali- 
(Pd^e 79) sation by which the temperature of the upper regions is raised, the heat which 
is abstracted below by evaporation is evolved by condensation, the pressure of the vapour 
is increased, and all the changes tend to that distribution of heat which we formerly 
contemplated as the natural state of an unmixed atmosphere of steam. The average 
quantity of vapour which would exist upon the hypothesis which we have just assumed, 
while the atmosphere maintained its proper progression of temperature, may be roughly 
approximated as follows : A stratum of the force of -616 in. extends to the height of 
3600 feet ; another of the force of -401 in. reaches 3900 feet farther ; a third of only 
•'200 in. stretches almost as far as both the former together; making a total of 
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13,500 feet The mean, therefore, to this point is nearly *354 in. For the 
distance of 17,500 feet we cannot greatly err in taking *064 in. as the metn p 
making the average to the height of 31,000 feet "209 in. One-third of th( 
sphere heyond this heing considered free from vaponr reduces the mean to ' 
The following diagram may posnhly tend to elucidate the effects of an unequal i 
of matter or of unequal expansion in various parts of the same colunm ( 
^Page 80.) Let A B represent the column whose height and weight we will 
Its four sections, A B D are each equal to 10. Let us suppose an addition o 
to take place io B e/ equal to 4 ; in D ^ ^ equal to 3 ; iaCik equal to 2 ; and 

equal to 1. The total increase of weight and pressun 
hottom will he 10, the same as if the total amount had heen 
distrihuted throughout the mass or added at once to the to 
column on n o. Again, if in the same column an unequal e: 
were to take place in the four different sections, e/=4 ; 
ik=2 ; and Zm^l, the total increase of hulk no would be t 
as if the expansion had everywhere heen equal, and the weig 
base remaining the same, thai of the sections would he alte 
[0 added in 1845 Ed.] 10, 20, 30, 40, to 8, 16, 24, 32 and 
the case of the atmosphere which we are considering, bo 
changes are combined, the barometer rises at the surfao 
sphere, and the weight of the several strata is still further < 
The following table exhibits the state of the barometer i 
altitudes before and after the admission of vapour in an atu 
surrounding a sphere of the uniform heat of 77^, together ' 
temperature appropriate to the elevation and the dew point 
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n 


A 


16 


m / 


C 


24 


k i 




D 


32 


h 

9 


ii\ 





10 



20 



Barometer. 



Height. 




Atmosphere 


Feet. 


Temp. 


without vapour. 


WlthTflfKM 





76.8° 


30.000 


30.139 


6,000 


61.1 


25.214 


25.348 


10,000 


44.9 


21.193 


21.318 


15.000 


27.7 


17.812 


17.928 


20,000 


9.3 


14.970 


15.079 


25,000 


-11.6 


12.583 


12.682 


30,000 


-35.0 


10.578 


10.667 



30 



Such, then, would be the new state of things from the a 
of water to the surface of the sphere ; a state, however 
notwithstanding the equality of the superficial heat, cou] 
40 one of permanent rest. A perpetual struggle would ensue 
the temperature due to the density of the air and the coi 
temperature of the vapour, accompanied by perpetual evaporation below and simt 
condensation above. No winds or lateral currents would be established, but an ii 
(^Page 82) circulation in a vertical direction. It will be observed that the total a 
of pressure is but small, even in the almost extreme case which has been sele< 
the changes of density still less ; it is in the unequal distribution and its coi 
effects that we must seek for the principal influence of vapour in the mixed atn 
Changing now our hypothesis of the sphere of equal temperature for that of tl 
of unequal temperature, increasing from the poles to the equator, we will agaii 
that the barometer stands everywhere at the same height upon the surface, whic 
we will suppose to be 30 inches. The state of the vapour in the different co 
the mixed atmosphere is to be imagined to be in the same proportion as in tl 
sphere which we have just been considering, that is to say, its constituent tem 
at the surface of the sphere is to be within 11° of the temperature of the sever 
The arrangement is thus represented (Table opp. p. 82). 



PJBUUB 


VAPOUR 


182; 


3. Dfl 


bnielL 




NOTB8. 








Poles. 








Heighi. 


Total 


PrcMureof 








Feet. 


Plnemue. 


Vapour. 


Sp.gr. 


Temp. 
0^ 


Dew Point, 





30.000 in. 


.044 




1.06666 


-11° 


5,000 


23.597 






.86935 


-18 




10,000 


18.587 






.70856 


-37 




15,000 


14.591 






.57752 


-58 




20,000 


11.411 






.47071 


-82 




25,000 


8.900 






.38365 


-109 




30,000 


6.906 




80<>. 


.31270 


-140 







30.000 


.047 




1.06038 


3° 


-8° 


5,000 


23.652 






.86542 


-15 




10,000 


18.630 






.70637 


-34 




15,000 


14.642 






.57654 


-55 




20,000 


11.484 






.47057 


-78 




25,000 


0.965 






.38408 


-104 




^,000 


6.978 




7(f>. 


.31352 


-135 







30.000 


.057 




1.04685 


9° 


-2° 


5,000 


23.707 


.033 




.85684 


-8 


-17 


10,000 


18.724 






.70140 


-27 




15,000 


14.775 






.57407 


-47 




20,000 


11.617 






.46991 


-70 




25,000 


9.102 






.38463 


-96 




30,000 


7.100 


1 


60° 


.31483 


-126 







80.000 


.085 




1.02607 


19° 


80 


6,000 


23.793 


•047 




.84427 


1 


-8 


10,000 


18.893 






.69405 


-17 




15,000 


14.969 






.57061 


-36 




20,000 


11.827 






.46904 


-58 




25,000 


9.314 






.38558 


-83 




30,000 


7.302 




50°. 


.31699 


-112 







80.000 


.134 




•99835 


32° 


21° 


5.000 


23.949 


•079 




.82563 


14 


6 


10,000 


19.106 


.045 




.68321 


-3 


— 9 


15,000 


15.229 






.56472 


-22 


ir 


20,000 


12.044 






.46677 


-43 




25,000 


9.579 






.38582 


-67 




30,000 


7.566 




40°. 


.31890 


-95 







80.000 


.237 




•96358 


48° 


37° 


5000 


24.072 


• 139 




.80230 


31 


22 


10,000 


19.338 


.068 




.66800 


14 


2 


15,000 


15.525 


.037 




.55629 


- 4 


14 


20,000 


12.409 






.46273 


-24 




25,000 


9.915 






.38489 


-47 




30,000 


7.852 




30° 


.32016 


-62 







30.000 


.375 




.93463 


61° 


50° 


5000 


24.215 


.221 




.78245 


44 


35 


10,000 


19.531 


.112 




.65503 


28 


16 


15,000 


15.739 


.046 




.54855 


10 


- 8 


20,000 


12.673 


•034 




.45856 


- 9 


-17 


25,000 


10.162 






.38327 


-31 




30,000 


8.135 






.32035 


-56 





%1 
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Height. 


Total 


PreMoreof 








Feet. 


PreMore. 


Vapour. 
20° 


8p.gr. 


Temp. 







30.000 in. 


.507 


.91278 


70<> 




5000 


24.279 


.328 


.76703 


54 




10,000 


19.675 


.162 


.64489 


38 




15,000 


15.898 


.068 


.54180 


20 




20,000 


12.811 


.046 


.45500 


1 




25,000 


10.342 




.38166 


-19 




30,000 


a. 313 


10«>. 


.32010 


-43 







30.000 


.616 


.89764 


770 




5000 


24.319 


.401 


.75621 


61 




10,000 


19.738 


.200 


.63762 


45 




15,000 


16.012 


.087 


.53703 


27 




20,000 


12.974 


.064 


.45147 


9 




25,000 


10.467 


.015 


.38010 


-11 




30,000 


8.424 


Equator. 


.31948 


-:;5 







30.000 


.698 


.89018 


80° 




5000 


24.342 


.443 


.75133 


64 




10,000 


19.779 


.229 


.63436 


48 




15,000 


16.060 


.100 


.53520 


31 




20,000 


13.043 


.071 


.45068 


12 




25,000 


10.521 


.032 


.37980 


- 7 




30,000 


8.483 




.31980 


-30 



(Page 83) The specific gravity and elasticity of the air is but very slight 
by this intermixture of aqueous vapour. It will also be remarked that whil 
aerial ocean is divided into two distinct strata flowing in opposite directions fr 
and from s. to y., the aqueous part, which is nearly con6ned to the lower currc 
in a contrary direction. The adjustment of these particulars remaining as 
posed, the compensating winds flow on and the balance remains nndistur 
admixture of vapour which we have hitherto considered, has not yet affected 
tion of temperature resulting from the decreasing density of the atmosphere ii 
parts ; the process of evaporation, however, which has been described must, in ti 
sarily induce such an alteration. The stream [steam in 1845 Ed.], as it reacht 
of condensation, must give out its latent heat, and during its precipitation, coml 
a fresh proportion, it again ascends and again evolves it in the middle regions 
thus be considered as carrying caloric from the surface of the sphere to higl 
and- it is obvious how a considerable section of any one column may thi 
temperature equalised and fully saturated with aqueous particles. Th< 
(Fo^e 84) thus become aflected both by the expansive ^wwers of the vapour 
extricated heat ; causes, the influence of which so applied must be partial s 
reach the higher regions. The unequal action must produce a fall in the 
As upon the one hand this efiect upon the barometer is produced by the aug 
of the aqueous vapour, so on the other, a rapid increase of the latter may be 
by a fall in the former. The mechanical resistance of the air must of 
increased by its motion in opposition. When this is stopped, as it soon is, b; 
fall of the mercurial column, the vapour will rush forward with its whole fore 
only by its filtration through the quiescent air ; and, the temperature of 1 
latitude being unable to support its elasticity, precipitation must follow, 
operation of these causes the temperature of the latitude is partially afi 
density of the air is still further reduced, and the aerial current is reversed. \ 
of the vapour is thus greatly accelerated, and abundant precipitation will fol 
addition comes in here at page 114 of 1845 £d.] When first formed in l 
elevations cloud would probably assume a light cirriform appearance ; in low 
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precipitation would become denser, and the attraction of aggregation stronger ; the 

(?a<jre 85) mass would subside gently to a lower station, where the density of the air would 

oppose a greater resistance to its descent. Here, in a higher temperature, the cloud 

would again begin to be dissolved, and would assume a rounded and compact form } 

and thus the equalization of the temperature and the diffusion of the vapour would be 

carried on from several points at once. The different beds obey the impulse of the 

winds, and as they sail along enlarge the circumference of their action, till at length 

the natural equilibrium of the atmosphere can be no further curbed. The precipitation 

increases, the strata of the clouds inosculate, and the air no longer buoys up their load. 

It will be convenient here to subjoin a synoptic view of the force of the aerial currents, 

and the counter-pressure of the vapour in a mixed atmosphere surrounding a sphere 

unequally heated in the manner alr^y set forth. 

(Page 86) Table XXXVII. showing the force of the different currents in a mixed 
atmosphere of air and vapour between the poles and the equator. W = wind. 
V= vapour. 



Lat. 90° and 80''. 
W. V. 


80° and 7C°. 
W. V. 


70° and 60°. 
W. V. 


+ .178 


-•003 


+ .387 -.010 


+ .575 -.028 


+ .057 




+ .191 


+ .281 -.014 


+ .019 




+ .048 


+ .045 


-.023 




-.063 


-.093 


-.069 




-.112 


-.185 


-.078 




- . 152 


-.240 


-.095 




-.161 


-.264 


WPu»d 
W. 


50°. 
V. 


50° aiKl 4C° 
W. V. 


40° and 30P. 
W. V. 


+ .810 


-.049 


+ 1.034 —.103 


+ .854 -.138 


+ .375 


-.032 


+ .570 - .060 


+ .454 -.082 


+ .112 




+ .217 —.023 


+ .215 —.044 


-.084 




— .035 


+ .031 —.009 


-.149 




- .239 


-.131 


-.272 




- .307 


-.196 


-.321 




- .322 


-.291 


30° and 20^. 
\V. V. 


20° and 10° 
W. V. 


10° and 0°. 
W. Y. 


+ .648 


-.132 


+ .447 -.109 


+ .208 -.082 


+ .392 


- . 107 


+ .282 -.073 


+ .118 -.042 


+ .165 


-.050 


+ .159 -.038 


+ .0.3 -.029 


+ .038 


-.022 


+ .036 -.019 


+ .008 -.013 


-.024 


-.012 


-.068 -.018 


-.045 -.007 


-.128 




-.074 


-.054 


-.170 




-.090 


-.070 



(Pa^ 87) The resistance which air opposes to the passage of vapour in motion may 
be regarded as twofold : first, in connection with the i)ermanently elastic fluid at rest ; 
and, secondly, with it in motion. With regard to the state of rest, the opposition with 
which vapour passes through air is in proportion to its density. De Saussure concluded 
from his experiments that a diminution in the density of one-third doubled the rate of 
evaporation. With regard to the state of motion, a breeze in opposition to the stream of 
vapour must retard its progress as much as one in the same direction favours it. Much 
obacority envelopes this inquiry from the vagueness of the terms employed in denoting 
the velocity of the air. Dalton has determined that the rate of eva}X)ration, in a perfect 
calm, being denoted by 120, that of a brisk wind is 154, and of a high wind 189. The 
retardation of opposing currents of the same respective forces may therefore be in pro- 
portion. Some important conclusions follow from these propositions, however ^vanting 
in preciaion. Thus, taking latitude 30°, the cuiTent which blows in the direction of 
{Page 88) lat. 40° may be deemed high, and retards the motion of the vapour towards 
lat. 20^ accordingly. At the height of 10,000 feet the density of the air is reduced one- 
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third, and the velocity is consequently douhled ; to which we must also add, that ^ 
opposing current, at the same elevation, declines in strength, wherehy the force is again 
increased in the proportion of 189 to 154. More vapour, therefore, would probably pass 
at this elevation than at the surface, although its excess of elasticity is only X)44 in. at 
the former station and .138 in. at the latter. Whenever a deep stratum of air has had 
its temperature and vapour equalized, it is easy to conceive that the aqueous atmosphoe 
may travel in its upper part with considerable velocity in a course directly opposed to 
the wind at its lower. The approximation may be carried a little further, perhaps, ss 
follows. The effect of a brisk wind in accelerating evaporation is equal to an increase of 
about three-tenths of the elasticity ; that of a high wind, six-tenths. The retarding 
influence of the polar current, in its regular state, may therefore be apportioned to the 
different latitudes thus. From the poles to 80° = -^ of the elasticity ; to lat. 7(f , -^ ; lat 
60^ A; lat. 50%T%; lat. 40°, ^t^; lat 80°, A; ^^' 20P, A; lat. 10% A; and from 
lat. 10° to the equator, ^, The following table then represents the efiBcient force of the 
vapour in a lateral direction calculated for the surface of the sphere and for the altitade 
of one-third the density, 

(Page 89) 

F«et. Height. 



90° and 80° 
80° „ 70° 
70° „ 60° 



60° „ 50° 



60° „ 40° 



40° „ 30° 



30° „ 20° 



20° „ 10° 



10° „ 0° 



F«et. 

10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 



Balance of 


EffecUoTwIiid 


force. 


anddenef^. 


-.003 


-.002 


-.001 


-.002 


-.010 


-.008 


-.004 


-.008 


-.028 


-.017 


-.008 


-.017 


-.049 


-.025 


-.012 


-.026 


-.103 


-.042 


-.023 


-.043 


-.138 


-.069 


-.044 


-.072 


-.132 


-.093 1 


-.050 


-.090 


-.109 


- .088 


-.038 


- .070 

-.074 g 


-.082 


-.029 


- .058 & 



and condensations. One of the chief causes of these latter^ there can be no doubt, is the ' 
increase and decrease of the aqueous vapour counteracting the natural progressioa of 



(^Page 90) These tables are simply rough tentative approximations. The last table 
will give some idea of the retardation of force in the vapour occasioned by the wind it 
the surface of the sphere ; and also of the increase of velocity occasioned by diwfr"*!*' 
pressure in the upper regions. The permanency of the bcunometrio pressure on the f. 
surface of the sphere is dependent upon the equal balance of the aerial currents, sod its ! 
fluctuations are due to the destruction of the equipoise by unequal and local expansras 

1 

temperature by the caloric evolved in its condensation ; but there is another which moA 
necessarily be powerful in this operation. It has hitherto been supposed, for the sake of 
simplifying the subject, that the source of heat has been in the sphere itself^ and that all 
the regular changes of temperature have emanated from its surface. In a tiauqArent 
state the sun's rays pass through the air without materially affecting it^ and expend 
{Pctge 91) their energy upon the surface of the globe. But if the atmosphero beooKnei 
cloudy and opaque, the rays of heat emanating from an external source are in great pizt 
absorbed before they reach the surface, and an increase of temperature and elas^ vapour 
must take place in the middle regions. To this we may also add the property which the 
clouds possess of preventing the radiation of heat from the surface beneath theoly and 
the greater conducting power of damp than of dry air. Amongst the literally numbe^ 
Jess modifications of circumstances to which an atmosphere of the nature we have beea 
250 
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oonsideriDg is liable, there are yet two or three to which it will he necessary shortly to 
refer. The surface of the sphere has hitherto been chiefly considered as perfectly plain, 
and either thoroughly dry or everywhere covered with water. We will now contem- 
plate it as covered with water to the extent of three-fourths of its superficies, uneven 
and intersected by eminences. This intermixture of land and water at once introduces 
inequalities of temperature of a different character from those that have been hitherto 
considered. They chiefly arise from the greater rapidity both of heating and cooling, 
on the dry surface, dependent upon the peculiar constitution of the watery element. 
As the processes by which their impressions are communicated to the superincumbent air 
are slow and gradual, they mostly affect the different columns in an equable manner^ so 
that their influence upon the currents resolves itself into the cases which have been 
already proposed of total and regular expansion. With respect to the vapour the case 
is different. It is evident that the parts of the air which are immediately over the dry 
spaces will not remain free from its admixture, for the elasticity of the surrounding 
mediums will soon supply the vacuum. The rapidity of this equalization will depend 
upon the mechanical obstruction of the air being increased or diminished by an adverse 
or &vonrable wind. When once diffused over the land it would be more subject to 
condensation ; and the amount of precipitation must be restored from the expanse of 
waters. The average quantity of vapour in the atmosphere decreases from below 
(Poffe 100) upwards, and irom the equator to the poles. This is derivable from the 
{Page 101) laws of temperature, and is, moreover, amply confirmed by experiment. The 
condensation of elastic vapour into cloud raises the temperature of the air. This 
is confirmed by De Luc's observations. While reflecting on the sudden appearance of 
clouds, I observed a small bank of vapour towards the northward some 300 or 400 feet 
bebw me. I carefully watched it^ and I then noticed that its volume was sensibly 
increasing without my being able to see ^m whence came the increase. Then I saw 
that instead of descending as it increased in size it became denser and higher. The wind 
blew it towards me. It at length reached me, and enveloped me so as to shut the view 
both of sky and plain. I bethought me at the moment of registering a thermometer 
which had been suspended in the air exposed to the sun, and which I had before seen 
at 4} (42** F.). I presumed that the action of the sun being intercepted by the cbud, 
it would sink, but I was surprised to see it at 5} (45^ F.). The cloud, which was 
obliquely rinng towards the south, soon passed the place where I was, and the sun 
re-appeared, but nevertheless the thermometer again sank (III. p. 251). 

{Page 104) The western coasts of the extra-tropical continents have a much higher 
mean temperature than the eastern coasts. This difference is extremely striking between 
{Page 105) the western coasts of North America and the opposite eastern coast of Asia. 
It is explained by the heat evolved in the condensation of vapour swept from the surface 
of the ocean by the western winds. This general current, in its passage over the land, 
deponts more and more of its aqueous particles, and by the time that it arrives upon the 
eastern coasts it is extremely dry ; as it moves onwards it bears before it the humid 
atmoaphere of the intermediate seas, and arrives upon the opposite shores in a state of 
saturation. Great part of the vapour is there at once precipitated, and the temperature 
of the climate raised by the evolution of its latent heat. 

(JPage 107) Rain seldom occurs in the constant trade wind, and constantly in the adjoin- 
ing latitudes. Between the tropics the elasticity of the vapour reaches its maximum 
amoont ; and within these limits only, rises to any extent into the upper current of the 
atmosphere. Its own force, therefore, is assisted by the equatorial wind, and it flows to 
the north and south as fast as it rises within the zone. No accumulation can therefore 
be temed, and the temperature being remarkably steady precipitation can but seldom 
oocor. The continental parts of the same regions being liable to greater vicissitudes of 
heaXf are subject to rainy seasons, which are periodical, like the monsoons of the same 
cllmetwi, and are governed as they are by the progress of the sun in declination. The 
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condensation while it lasts is in proportion to the density of the vapour, and is violent 
beyond anything that is known in temperate climates. The alternate seasons of fine 
weather are distinguished by cloudless skies and perfect serenity. The eztrartropical 
(^Fage 108) latitudes, on the contrary, beyond the bounds of the trade winds are at all 
times subject to great precipitations. The vapour in its course is subjected to a rapidly 
decreasing temperature, and the condensation is fed by a constant supply. Between 
the tropics the fluctuations of the barometer do not much exceed i inch, while 
beyond this space they reach to 3 inches. Variations of temperature alone do not affect 
the mercurial column ; and it is in the aqueous condensation we shall probably find the 
cause of barometrical changes. The vapour passing north and south from the equatorial 
parts and reaching the extra-tropical regions is precipitated. The effect of this precipita- 
tion must be to destroy the pi\)gression of temperature in the vertical columns by 
equalizing the heat of the strata exposed to its influence. But as the process is carried 
(Page 109) on chiefly in the lower current and cannot from its very nature equally affect 
the column, the total weight will be reduced by the consequent irregular expansion. In 
the temperate climates the rains and the winds are variable. The rain must depend very 
much upon the changes of the wind, and the retardation or acceleration which they offer 
to the progress of the vapour. But another cause arises from the unequal supply which 
the process of evaporation receives from the irregular surface of the globe. This cannot 
be placed in a stronger light than by the following considerations. The Caspian Sea, 
which is placed in the centre of the largest continent of the world, receives the predpi* 
tations of an immense tract of the atmosphere by means of the rivers which flow into it, 
and drain the neighbouring countries. The whole of this supply is again returned by 
evaporation and its waters have no other means of escape. The lakes of North Amerio, 
situated in nearly the same parallel of latitude and at the same altitude, receive the 
drains of a much less space ; but annually roll an immense volume of water to the 
ocean. We are thus furnished with an hygrometer upon a large scale by which we maj 
(Page 110) judge of the state of saturation of the two atmospheres. The difference cu 
arise from no other cause than the proximity of the surrounding seas in the latter sitoa- 
tiou which furnish an inexhaustible source of vapour which is deficient in the other. It 
is for the same reason that less vapour is contained in the atmosphere above a continent 
than above the ocean, although more rain falls in the former situation than in the latter 
under the same latitudes owiug to the greater vicissitudes of temperature. Much of the 
aqueous atmosphere which is formed from the great deeps is thus drawn off towards the 
continents, where a scarcity of water occasions an inadequate pressure of the vapour 
(Page 111). In the extra-tropical climates a fall in the barometer always precedes a 
period of rain, and indicates an acceleration or change of the aerial currents. As the 
proximate cause of the fall of the barometer is an accumulation of aqueous vapour, and 
a consequent unequal expansion of the atmospheric columns, it is obvious that this alone 
would increase the probability of a proportionate precipitation ; but it is not the only 
reason of the effect. The fall of the barometer indicates a decrease of density in the 
aerial currents, and, consequently, a decrease of the resistance to the passage of the 
vapour. A constant stream will thus rush in with increasing force, augmenting by 
(Page 112) its condensation the cause of its velocity, till a current sets in from some 
other quarter and restores the equilibrium. Northerly winds almost invariably raise 
(Page 115) the barometer; while southerly winds as constantly depress it. The 
(Page 116) northerly current is the natural course of the air. Coming from the frozen 
arctic regions it speedily reduces the accumulation of vapour, stops the supply, and 
dissipates the concomitant heat, from which originated the depression ; and if it flow 
with a velocity beyond its regular rate, causes a reduction of temperature below the doe 
progression, and augments the total weight ; the southerly wind on the contrary £eicilitates 
the passage of vapour which by its unremitting condensation unceasingly increases the 
cause of depression. The supply of vapour which occasions rain may be tnused to two 
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aoorces. One is the eTapomtion of the latitude itself, where it is precipitated ; and the 
other, the stream which is perpetually struggling to advance from the equatorial zone. 
These causes sometimes act conjointly and sometimes separately. Rain from the first 
is derived from sudden falls of temperature produced hy cold currents or the changes 
of the seasons, and assumes chiefly the form of showers of greater or less continuance. 
The expenditure of vapour is but slowly supplied, and the precipitation occurs at inter- 
vals. Rain from this source is always accompanied by a declining temperature. When 
on the contrary, in consequence of diminished pressure, the tropical current reaches in 
succession the colder parallels, the supply continues in a perpetual flow, the temperature 
(^Page 117) is raised, the depression of the barometer increases, and rain descends with 
little intermission. Many persons have supposed that the fluctuations of the barometer 
are owing to the greater or less weight of the aqueous particles contained in the atmo- 
sphere at one time than at another. If, however, our theory be correct, the difference of 
proBsnre between a perfectly dry atmosphere and one saturated with moisture cannot 
much exceed .15 inch ; the difference of the seasons must therefore be even less than 
this amount. But small as it is, it may nevertheless be detected by the system of 
averages. The subject of atmospheric vapour has hitherto been less studied than its 
importance would seem to require. A few general conclusions based on three years* 
(Poffe 118) observations by myself and an experiment by Captain Sabine, will add 
weight to our synthetic deductions. The elasticity of the aqueous vapour does not decrease 
gradually as we ascend in the atmosphere in proportion to the gradual decrease of the 
temperature and density of the air ; but the dew point remains stationary to great heights 
and then suddenly falls to a large amount. I have been able to confirm this by direct 
experiment. [An addition is made herein the 1845 edition at p. 161.] The first experi- 
ments I shall refer to are by Green, who ascended in a balloon from Portsea on September 
6, 1821, taking two of my hygrometers. At about 9840 [9890 in 1845 editiop, page 162] 
(Page 119) feet he found the dew point to be 64°, or the same as I saw it to be on the 
earth's surface. At 11,060 feet it had fallen to 32^ making a difference of 32'' in little 
more than 1100 feet. Here, then, we have presumptive evidence of an immense bed of 
circumambient medium, unaffected by decrease of density or temperature till checked 
by its point of precipitation ; and of an incumbent bed of not much more than one-third 
the density, regulated, no doubt, as the last, by its own f>oint of deposition in loftier 
regions. Captain [Colonel in 1845 edition] Sabine established the same fact at Sierra 
Leone. The dew point at sea level was 10° ; and it was the same at the same hour on 
the summit of the Sugar Loaf Mountain, 2520 feet above. At the Isle of Ascension the 
readings were at 17 feet above the sea, 30.165 in. barometer, 83° temperature of the air, 
and 68° dew point. On the summit of the mountain they were 27.95 inches, 70° tem- 
perature, and 66.5° dew point; so that in a height of 2220 feet the temperature of the 
{Page 120) air fell 13°, and the constituent temperature of the vapour 1.5°. At Trinidad 
the temperature of the air at the sea level was 82° and the dew point 77°; 1060 feet 
above they were both 76.5°, and precipitation was going on. At Jnmaica by the sea- 
side the temperature of the air was 80°, and the i^oint of deposition 73°, while on the 
mountains at a height of 4080 feet they were both 68.5°. At a station not 500 feet 
higher, the point of deposition was found to he 49°, and the temperature of the air 65°. 
These resnlts are against the chemical solution idea, and favour the theory of mechanical 
mixture. Sabine's experiments furnish al^o some evidence of that slight diminution ot 
density in the upper parts of the beds of vapour which would arise from the decrease 
of their own pressure. At Jamaica the dew point fell about 4.5° in 4080 feet. I have 
calculated this diminution to be 3.5° for 5000 feet for an atmosphere of much less 
density. 

(Page 122) The tension of vapour given off in the process of evaporation is deter- 
mincdy not by the temperature of the evaporating surface, but by the elasticity of the 
aqueous atmosphere already existing. 1 have often endeavoured by means of the 
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hygrometer to detect, within a limited circle, a difference in the elastic force of the vapour 
iDcumhent on different surfaces of various temperatures, but without success ; the linng 
vapour was always of the same quality, whether from water, vegetation, or ploughed 
land, in sunshine or in shade. For the same reason the dew point is but little affected 
by the increase of daily temperature from morning to aftemgon, or by its subsequent 
declension at night. But one of the most remarkable confirmations of the &ct was 
ascertained by Sabine upon the coast of Africa. While the sea breeze was blowing 
upon that station the hygrometer denoted the dew point to be about 60^, but when the 
wind blew strong from the land it approached in its character to a harmattan ; and the 
point of precipitation was not higher than 37.5^, the temperature of the air being 66^. 
Notwithstanding the heat of the evaporating surfaces in the interior of that continent 
(Page 123), the burning sands of its desert yield so little vapour that it becomes atten- 
uated by its diffusion, and there can be little doubt that the aqueous vapour incumbent 
upon it, and which when wafted to the coast constitutes the true harmattan, is not of 
greater force than that which rests upon the polar seas ; and that while the heat of the 
air sometimes approaches to 90°, the constituent temperature of the vapour is below 32°. 
The apparent permanency and stationary aspect of a cloud is often an optical deoeptioo 
arising from the solution of moisture on one side of a given point as it is predpitated on 
the other. No phenomenon is more common amongst mountains or upon hUls by the 
seaside than clouds upon the summits which appear to be perfectly immovable, although 
a strong wind is blowing upon them at the time. That this should be the real state 
of the case is clearly impossible, as so attenuated a body as constitutes the substance of the 
clouds must obey the impulse of the air. The real fieu;t is that the vapour which is 
wafted by the wind is precipitated by the cold contact of the mountain, and is uiged 
forward in its course till borne beyond the influence which caused its condensatioD, it is 
again exhaled and disappears. Beasoning from analogy we may conclude that tbo 
process which thus proceeds under our eyes upon the summits of the hills likewise takes 
(Page 124) place on either side of the planes of precipitation in the heights of the atmo- 
sphere ; the vapour is continually condensed, as continually redissolved in the act of 
precipitation, and the cloud appears to be unchanged and stationary. The quantity 
of vapour in the atmosphere [in temperate climates, 1845 edition] in the different seuoos 
of the year (measured on the surface of the earth and near the level of the sea) follom 
the progress of the mean temperature. This result of observation might readily hxn 
been anticipated, for the rate of evaporation and the quantity which the air can support 
are both obviously dependent upon the same progression. But this connection is not 
discoverable in short periods, and the changes of diurnal temperature do not much affect 
the quantity of elastic vapour. The air at night generally reaches the point of deposi- 
tion even at the surface of the sea, but in a very gradual manner ; and at the same time 
the supply from evaporation ceases. The progress of the vapour in fine weather mty 
often be very satisfactorily traced by means of the clouds. During the heat of the day 
it rises from the surface of the land and water, and reaches its point of condensation in 
greater or less quantities at different altitudes. Partial clouds are formed in different 
parallel planes, which always maintain their relative distances. The denser forms of the 
lower strata, as they float along with the wind, shew the greater abundance of the pre- 
cipitation at the first point of deposition, while the feathery shapes and lighter texture 
of the upper attest a rarer atmosphere. These clouds do not increase beyond a certain 
(^PcLge 126) point, but often remain stationary in quantity and figure for many hours ; bat 
as the heat declines they gradually melt away, till at length when the sun has sonk 
below the horizon the ether is unsix)tted and transparent. The stars shine through the 
night with undiminished lustre, and the sun rises in the morning in its brightest spl^oor. 
The clouds again begin to form, increase to a certain limit, and vanish with the evenmg 
shades. This gradation of changes which we often see repeated in our finest seasons, 
might at first appear to be contrary to our principles ; and that precipitation should occur 
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B increase of temperatare, and disappear with its decUne, would seem at first sight 
iametricaUy opposite to all our conclusions. But a littlid consideration will shew 
ese facts confirm our theory. The vapour rises and is condensed ; but in its 
ation falls into a warmer air, where it again assumes the elastic form ; and as the 
y of evaporation below is exactly equal to supply this process above, the cloud 
augments nor decreases. When the sun declines, the surface of the earth cools more 
than the air, evaporation decreases, but the dissolution of the cloud continues, 
pply at length totally ceases and the concrete vapour melts completely away, 
•ming sun revives the exhalations of the earth, and the process of nimbification 
3mmence8 and again undergoes the same series of changes. The fall of the tem- 
s shifts a little the planes of deposition, but scarcely afiects the total pressure 
126) of the vapour. The deposition of dew slightly diminishes the quantity, 
first touch of the sun*s rays restores it to the ** blue expanse." When, however, 
iral equilibrium has been disturbed, when the temperature of the air has become 
id through various successive strata by the beds of vapour with which they are 
i, the decline of the day will often determine precipitation, and will increase its 
if already established. The result of experiment has already shown that a greater 
. of rain falls while the sun is below than while it is above the horizon. The 
) of the aqueous atmosphere separated from that of the aerial, generally exhibits 
) changes to the latter. [This passage is modified in the 1845 edition, page 167.] 
quantity of vapour increases it will mostly be found that the barometer fiedls, and 
vrith the decrease. This observation does not apply to the averages of the 
t seasons, but to the daily fluctuations. This fact, so utterly irreconcilable to 
pothesis which ascribes the rise and fall to the weight of the aqueous vapour, 
8 that which attributes them to the unequal expansion of balancing currentsw 
me source of this expansion we have supposed to be the elastic vapour, and this 
ice confirms the theory. Great faUs of the barometer are generally accompanied 
nperature above the mean for the season, and great rises by one below the same, 
a confirmation of the same nature as the last, and inseparably connected with it. 
the evolution of heat that the vapour principally acts. The mean temperatare 
lalanops all irregularities must be the regular temperature of the climate, and, 
paribuM^ that at which it must be most disposed to regularity ; variations on 
ide of this point must produce corresponding retardations and accelerations ; and 
f not general through the mass, annihilate the equipoise. The conclusions come 
L28) to may be briefly recapitulated thus. There are two distinct atmospheres, 
lically mixed, surrounding the earth, whose relations to heat are difierent and 
states of equilibrium, considering them as enveloping a sphere of unequal 
iture, are incompatible with each other. The first v\ a permanently elastic fluid, 
ible in an arithmetical progression by equal increments of heat, decreasing in 
' and temperature according to fixed ratios as it recedes from the surfieuse, and 
129) whose equipoise under such circumstances would be maintained by a re- 
ystem of antagonistic currents. The second is an elastic fiuid, condensable by 
th evolution of caloric, increasing in force in geometrical progression with equal 
itation of temperature ; permeating the former and moving in its interstices as a 
3f water fiows through a sand rock. When in a state of motion this intestine 
>n is retarded by the inertia of the gaseous medium, but in a state of rest the 
« press only upon those of their own kind. The density and temperature of this 
ave a tendency likewise to decrease as its distance from the surface augments, 
a less rapid rate than that of the former. The equipoise would be maintained 
adaptation of the upper parts of the medium in which it moves to the progression 
emperature and by a current flowing from the hotter parts of the globe to the 
CkHistant evaporation on the line of greatest heat and increasing precipitation 
f other sitaationi would be the necessary accompaniment of this baUooa* "Sl^^ 
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the conditions of these two states of equilibrium are essentially opposed to each otber. 
The vapour or condensable elastic fluid is forced to ascend in a fluid whose heat decreases 
much more rapidly than its own natural rate ; and it is therefore condensed and preci- 
pitated in the upper regions. Its latent caloric is evolved by the oondensatioiQ and 
communicated to the air, and it thus tends to equalize the temperature of the medium 
in which it moves, and to constrain it to its own law. This process must evidently 
(Page 130) disturb the equilibrium of the permanently elastic fluid by interfering with 
that state of temperature and density which is essential to its maintenance. The system 
of currents is unequally affected by the unequal expansion, and the irregularity is 
extended by their influence, much beyond the sphere of the primary disturbuice. The 
decrease of this elasticity above is accompanied by an extremely important reaction upon 
the body of vapour itself ; being forced to accommodate itself to the circumstances of 
the medium in which it moves, its own law of density can only be maintained by a 
corresponding decrease of force below the point of condensation ; so that the temperature 
of the air at the surface of the globe is far from the term of saturation, and the current 
of vapour, which moves from the hottest to the coldest points, penetrates from the 
equator to the poles, without producing that condensation in mass which would other- 
wise cloud the whole depth of the atmosphere with precipitating moisture. The clouds 
are thereby confined to parallel horizontal planes with intermediate clear spaces, and 
thus arranged are offered to the influence of the sun, which dissipates their accumulations 
and greatly extends the expansive power of the elastic vapour. The power of eich 
fluid being in proportion to its elasticity, that of the vapour compared with the air can 
never at most exceed 1 : 30 ; so that the general character of the mixed atmosphere is 
derived from the latter, which, in its irresistible motion, must hurry the former tlong 
(Pcige 131) with it. The influence however of the vapour upon the air, though slower 
in its action, is sure in its efiects ; and the gradual and silent processes of evaporation and 
precipitation govern the boisterous powers of the winds. By the irresistible force of 
expansion mechanically applied they give rise >to undulations in the elastic fluid ; the 
returning waves dissipate the local influences, and the accumulated efiiect is annihilated, 
again to be reproduced. By an invisible but* ever active agency the waters of the deep 
are raised into the air, whence their distribution follows as it were by measure and 
weight, in proportion to the beneBcial efiiects which they are calculated to produce. By 
gradual, but almost insensible, expansions the equipoised currents of the atmosphere are 
disturbed, the stormy winds arise, and the waves of the sea are lifted up, and that 
{stagnation of air and water is prevented which would be fatal to animal existence. But 
the force which o{)erates is calculated and proportioned ; the very agent which causes 
the disturbance bears with it its own check, and the storm as it vents its own force, is 
itself setting the bounds of its own furj-. The complicated and beautiful contrivances by 
which the waters are collecicd "above the firmament" and are at the same time derived 
from the waters which are ** below the firmament," are inferior to none of those adapta- 
(Page 132) tions of Infinite Wisdom which are perpetually striking the inquiring mind 
in the animal and vegetable kingdoms. Had it not been for this nice adjustment of 
conflicting elements, the clouds and concrete vapours of the sky would have reached fixmi 
the surface of the earth to the remotest heavens, and the vivifying rays of the sun 
would never have been able to penetrate through the dense mists of perpetual precipi- 
tation. Nor can I here refrain from pointing out a confirmation which incidentally 
arises of the Mosaic nccount of the creation of the atmosphere, llie question has 
been asked. How is it that light is said to have been created on the first day, and day 
and night to have succeeded each other, when the sim has been described as not having 
been produced till the fourth day? This is apparently a contradiction. But Mosea 
records that God created on the first day the earth covered with waters, and did not till 
its second revolution upon its axis call the firmament into existence. Now one result of 
the previous inquiry has been that a sphere unequally heated and covered with water 
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be enveloped in an atmosphere of steam, which would necessarily be turbid in its 

vkole depth vdth precipitating moistare. The exposure of such a sphere to the orb 

d. dst would produce illumination upon it ; that dispersed and equal light which now 

{hge 133) penetrates on a cloudy day, but the sun could not have been yisible from its 

n^oe. On the second day the pennanently elastic firmament [s air] was produced, 

ad we have seen that the natural consequences of this mixture of gaseous matter and 

itpoor must have been that the waters would begin to collect above the firmament and 

^Tide themselves from the waters which were below the firmament [^' Waters " here 

tltt is used in its most general sense, and in the case of those above the firmament may 

k equivalent to clouds, hail, snow, or other atmospheric condition of the aqueous 

ciflDioit] The clouds would thus be confined to plains [= planes] of precipitation, and 

cipoied to the influence of the winds 'and still invisible sun. The gathering together of 

the waters, and the appearance of dry land, would present a greater heating surface and 

tleM surface of evaporation, and the atmosphere during this revolution would let fall its 

fsxam of ooodensed moisture ; and upon the fourth day it would appear probable, even 

to our short-sighted philosophy, that the sun would be enabled to dissipate the still 

vsaining mists and burst forth with splendour. Granville Penn's 'Estimate of the 

iCoenl and Mosaical Geologies ' gave me the first hint upon the subject I had, how- 

snr, already unconsciously proved the necessity of the turbid state of the atmosphere 

pevious to the creation of the firmament. 

(Page 139) Nee non et in oonviviis mennsque nostris vasa quibus esctderUum addUur 
^mknm repontoriis linquerUia {liqueniia in 1815 edition] diras tempestates pranunti^ 
cat G. Plin. Nat Hist., lib. xviii. This passage has thus been translated into Eng- 
lifh: ''And to conclude and make an end of this discourse ; whensoever you see at any 
isBst the dishes and platters whereon your meat is served up to the board sweat or stand 
(Page 140) of a dew, and leaving that sweat which is resolved from them either upon 
dnMf, cupboard, or table, be assured that it is a token of terrible tempests approach- 
ing." Philemon Holland, 1601. This indicates that the viands were colder than the 
plaoe they were brought inta I was induced to make experiments upon the deposition 
(Page 141) of dew on cooled glasses and vessels of brass. The Academicians del Gimento 
(Page 142) had previously experimented in the same way as regards principle. They 
cooled conical glass vessels and regarded the frequency of the drops which fell from the 
downwardly-placed point as a measure of the humidity of the air. Le Boi measured 
the temperature at which dew was formed, and judged of the humidity of the air by 
the greater or less degree of depression necessary to produce precipitation. Dalton in 
' Mem. Lit and PhiL Soc. Manchester,' vol v., also measured the dew point as indi- 
cated by cooled vessels. Wollaston's cryophorus gave me the hint for making my 
hygrometer. I found metal to be no better than glass, when the glass is black and 
(Page 149) viewed by a reflected light This hygrometer is simple; its graduation is 
not arbitrary ; and it is not liable to deterioration ; in proper hands it cannot give 
erroneous results. The determinations are as strictly comparable one with another 
under all circumstances as those of the barometer or thermometer. When consulted 
with a view of predicting the greater or less probability of rain or other atmospheric 
changes, two things are to be principally attended to— the difference between the con- 
stituent temperature of the vapour and the temperature of the air ; and the variation 
of the dew point In general the chances of rain or other precipitation of moisture 
(Page 150) firom the atmosphere may be regarded as in inverse proportion to the difference 
between the two thermometers ; but in making this estimate regard must be had to 
the time of day at which the observation is made. In settled weather the dryness of 
the air increases with the diurnal heat and diminishes with its decline ; for the consti- 
tuent temperature of the vapour remains nearly stationary. Consequently a less 
difference in the morning or evening is equivalent to a greater in the middle of the day. 
But to render the observation most completely prospective regard must be had to the 
PABr. II.— No.9. s 257 
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movement of the dew point. As the elasticity of the Tapoor increases or declines so 
does the probability of the formation and continuation of rain. An increasing diflfereDcey 
therefore, between the temperature of the air and the difference of the point of condensir 
tion, accompanied by a fall of the latter, is a sure prognostication of fine weather; 
while diminished heat and a rising dew point infallibly portend a rainy season. In 
winter when the range of the thermometer during the day is small, the indication of the 
weather must be taken more from the actual rise and fall of the point of condensation 
than from the difference between it and the temperature of the air. It must be 
(Page 151) remembered that a state of saturation may exist and precipitation even take 
place in fine weather, and under a cloudless sky ; but this is when the diurnal decline of 
the temperature of the air near the surface of the earth falls below an unfluctuating term 
of precipitation ; and it is probable that at some period or other of the twenty-four hours 
this term is always passed. The radiation of the earth, in the absence of the sun, cools 
the stratum of air in contact with it ; and a light precipitation takes place, of so Httle 
density as totally to escape the observation of the eye. At other times it becomes 
visible and assumes the appearance of mist or fog. Under such circumstances the 
hygrometer will sometimes exhibit a different kind of action. If it be brought from an 
atmosphere of a higher temperature into one of a lower degree, in which condensed 
aqueous particles are floating, the mist will begin to form at a temperature several 
degrees higher than that of the air. The heat emanating from the ball of the instro- 
ment dissolves the particles of water and forms an atmosphere around it <^ gietter 
elasticity than the surrounding medium; so that when it is put in action the point of 
deposition is proportionately raised. This action does not at all interfere with the 
determination of the real force and quantity of vapour ; for in all such cases the M • 
saturation of the atmospheric temperature must take place, and consequently the tempe- 
rature of the vapour must be coincident with that of the air. This kind of predpitstioo, 
which may often be detected by the hygrometer when it would otherwise escape notiee^ 
(Page 152) far from being indicative of rain, generally occurs in the most settled 
weather. It is analogous to the formation of dew and is dependent upon the eune 
cause, the radiation of the earth which only takes place under an unclouded sky. A 
sudden chaDge in the dew point is generally accompanied by a change of wind ; bot the 
former sometimes precedes the latter by a short interval ; and the course of the aeriii 
currents may be anticipated before it affects the direction of the weathercock, or em 
the passage' of smoke. My own experience and the testimony of others assure me thit 
the hygrometer when applied is more to be depended upon than any instrument whiob 
has yet been proposed. Even when its indications are contrary to those of the buo- 
meter, reliance may be placed upon them ; but simultaneous observations of the tvo 
most usefully correct each other. The rise and fall of the mercurial column is, moit 
probably, primarily dependent upon the state of the upper regions of the atmospken 
with regard to heat and moisture. Local chemical [physical in 1845 edition] alteratioDi 
of its density, thus partially brought about, are mechanically adjusted, and the baro- 
meter gives us notice of what is going on in inaccessible regions. A rise in the dew 
point, accompanied by a fall of the barometer, is an infallible indication that the whole 
mass of the atmosphere is becoming imbued with moisture, and a copious piedpitatioa 
may be looked for. If the fall of the barometer take place at the same time that the 
]x>int of precipitation is depressed, we may conclude that the expansion which oocasioiis 
(Page 153} the former has arisen upon some distant point, and wind, not rain, will be 
the result. But when the air attains the point of precipitation with a high barometer, 
we may infer that it is a transitory and superficial eflect, produced by a local d^ffession 
of temperature. Thus does the hygrometer mark with infallible precision the com* 
parative degrees of moisture and dryness in the atmosphere. But it is of wider applica- 
tion. By means of tables we can find with the utmost accuracy and ease the positiTe 
weight of aqueous vapour diffused through any given portion of space, and its force or 
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icity is measnred by the oolumn of mercury which it is capable of snpporting ; we 
ver at once the proportion of moisture in any space to the quantity which would be 
[red to saturate it, or what has been called the true natural scale of the hygrometer ; 
an calculate with perfect ease the specific gravity of any mixture of lur and aqueous 
ur ; and we can measure the force and quantity of evaporation. [He then gives 
upon which the tables are formed, which strictly belong to the physical properties 
[ueous vapour, not to climate ; but a few remarks are given here.] By two simple 
je IGl) observations and easy calculations we ascertain the following points of the 
Dst interest in meteorology : 

Temp, of air, 70^. 

Dew point, 55®. 

Degree of dryness on thermometric scale, 15°. 

Degree of moisture on hjgrometric scale, 618. 

Weight of Tapour in a cabic foot, 5.175 grains. 

'ogre 162) The state of the weather assumed above would constitute fine weather ; 
one of two things, or a modification of both, must happen before any precipitation 
ater could take place — either the temperature of the air must fall below 65°, or the 
itity of vapour must increase to 8.392 grains in the cubic foot, the maximum 
itity which could exist at 70°; or the point of condensation may become inter- 
ate by a corresponding rise and &11 of the two. In the first case the precipitation 
d probably be only slight and transitory, such as mist or fog ; in the second case it 
d assume the form of hard rain and storms ; while in the third, some conjecture 
it be formed of its probable duration and quantity, according as one or other of its 
38 prevailed. The hygrometer may also be applied to indicate the force and quantity 
aporation. Dalton ascertained that the quantity of vapour evaporated in a given 

bore an exact proportion to the force of vapour at the same temperature. The 
isphere obstructs its diffusion, which would otherwise be instantaneous as in vacuo, 
this obstruction is overcome with a celerity proportioned to the force of the vapour, 
retardation is caused by the via ineriim of the particles of air, and is similar to that 
h a stream of water meets with in descending among pebbles. In ascertaining this 
; at ordinary atmospheric temperatures regard must be had to the force of vapour 
dy existing in the air. For instance, if water at 57° were the subject, the force of 
or at that temperature is ^ of the force at 212° ; and one might expect the force of 
xation to be ^ also ; but if it should happen that an aqueous vapour to that 
mt does already exist, the evaporation would be nothing at alL On the other hand, 
e aqueous vapour were less than that, suppose half of it, then the effective force 
d be y^Tfth of that fix)m boiling water ; in short, the evaporative force must be univer- 

eqnal to that of the temperature of the water diminished by that already existing 
le atmosphere. But the air, by its mechanical action, has another influence upon 
rate of evaporation. When calm and still it merely obstructs the process ; but 
1 in motion it increases its effect in direct proportion to its velocity by removing the 
ur as it forms. Dalton fixes the extremes that are likely to occur in ordinary 
imstaooes at 120 and 189 grains per minute from a vessel 6 in. in diameter at 212°. 
^age 164) The following table shews the force of vapour and the full evaporating 
i df every d^ree of temperature from 18° to 85°, expressed in grains of water that 
Id be raised per minute from a vessel in. in diameter, supposing there were no 
oor already in the atmosphere : 



T. 


Force of Tapoiur. 


Evai 


)oratlve force in grains. 




212<> 


30.000 in. 


120 


154 


189 


18 


.131 


.52 


.67 


.82 


19 


.135 


.54 


.69 


.85 


20 


.140 


.56 


.71 


.88 


21 


.146 


.58 


.73 


.91 


22 


.153 


.60 
B 2 


.77 


.^ 
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T. 


Foroe of vipoor. 




Evaporative force in graloa. 


23 


.158 


.62 


.79 


.97 


24 


.164 


.65 


.82 


1.02 


25 


.170 


.67 


.86 


1,05 


26 


.176 


.70 


.90 


1.10 


27 


.182 


.72 


.93 


1.13 


28 


.188 


.74 


.95 


1.17 


29 


.194 


.77 


.99 


1.21 


30 


.200 


.80 


1.03 


1.26 


31 


.208 


.83 


1.07 


1.30 


32 


.216 


.86 


1.11 


1.35 


33 


.224 


.90 


1.14 


1.39 


34 


.232 


.92 


1.18 


1.45 


35 


.240 


.95 


1.22 


1.49 


36 


.248 


.98 


1.26 


1.54 


37 


,256 


1.02 


1.31 


1.60 


38 


.264 


1.05 


1.35 


1.65 


39 


.272 


1.09 


1.40 


1.71 


40 


.280 


1.13 


1.45 


1.78 


41 


.292 


1.18 


1.51 


1.85 


42 


.304 


1.22 


1.57 


1.92 


43 


.316 


1.26 


1.62 


1.99 


44 


.328 


1.31 


1.68 


2.06 


45 


.340 


1.36 


1.75 


2.13 


46 


.352 


1.40 


1.80 


2.20 


47 


.364 


1.45 


1.86 


2.28 


48 


.376 


1.50 


1.92 


2.36 


49 


.388 


1.55 


1.99 


2.44 


60 


.400 


1.60 


2.06 


2.51 


51 


.414 


1.66 


2.13 


2.61 


52 


.428 


1.71 


2.20 


2.69 


53 


.444 


1.77 


2.28 


2.78 


54 


.460 


1.83 


2.35 


2.88 


55 


.476 


1.90 


2.43 


2.98 


56 


.492 


1.96 


2.52 


3.08 


57 


.508 


2.03 


2.61 


3.19 


68 


.526 


2.10 


2.70 


3.30 


59 


.543 


2.17 


2.79 


3.41 


60 


.560 


2.24 


2.88 


3.52 


61 


.577 


2.31 


2.98 


3.63 


62 


.594 


2.39 


3.07 


3.76 


63 


,615 


2.46 


3.16 


/3.87inU 


64 


.636 


2.54 


3.27 


3.99 


65 


.657 


2.62 


3.37 


4.12 


66 


.678 


2.70 


3.47 


4.24 


67 


.699 


2.79 


3.59 


4.38 


68 


.722 


2.88 


3.70 


4.53 


69 


.745 


2.98 


3.83 


4.68 


70 


.770 


3.08 


3.96 


4.84 


71 


.796 


3.18 


4.09 


5.00 


72 


.822 


3.29 


4.23 


5.17 


73 


.849 


3.40 


4.37 


5.34 


74 


.877 


3.52 


4.52 


5.53 


75 


.906 


3.65 


4.68 


5.72 


76 


.936 


3.76 


4.83 


5.91 


77 


.966 


3.88 


4.99 


6.10 


78 


.997 


4.00 


5.14 


6.29 


79 


1.028 


4.16 


5.35 


6.54 


80 


1.060 


4.28 


5.50 


6.73 


81 


1.093 


4.40 


5.66 


6.91 


82 


1.127 


4.56 


5.86 


7.17 


83 


1.162 


4.68 


6.07 


7.46 


84 


1.198 


4.80 


6.28 


7.75 


85 


1.235 


4.92 


6.49 


Oj(8.04inl{ 
^•"M JEditioB 



^Page 165) The first column contaiDs the degree of temperature; the Moond, 
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ding force of vapour ; the third the amount of evaporation per minute from a 
6 in. in diameter in calm weather ; the fourth is the amount in a moderate 
ind the fifth, in a high wind. The use of the table is this. Let it be required 
the force of evaporation at the existing state of the atmosphere ; find the point 
isation by the hy^meter ; subtract the grains opposite that temperature, 
the third, fourth, or fifth column, according to the state of the wind, from the 
posite to the temperature of the air in the same column, and the remainder 
le quantity evaporated in a minute from a vessel of 6 in. in diameter under the 
^umstances. For example, let the point of condensation be 55°, the tempera- 
le air 70° with a moderate breeze. The number opposite to 65° in the fourth 
s 2.43 and that opposite to 70° is 3.96 ; the difference 1.53 grain is the evapo- 
r minute. But it is perhaps simpler and more convenient in many cases to 
the depth of the water evaporated in a day, and Dr. Young has shewn how 
be done from DaIton*s data. It happens that the column of mercury equiva- 
e elasticity of vapour expresses accurately enough the mean evaporation in 
)ur hours. Mr. Dalton*s experiment gives 45 grains per minute from a disc of 
I. Now 45 X 60 X 24=64,800 grains or 256.6 cubic inches, which would 
6) make a cylinder 30.9 in. in height on a base 3iin. in diameter ; and this 
ly ^ from the weight of the column of mercury. We may therefore assume 
nean daily evaporation is equal to the tabular nimiber expressing the elasticity 
3our, sometimes exceeding it or falling short of it about one-fourth ; and we 
ily allow for the efiect of the moisture of the atmosphere by deducting the 
^rresponding to the temperature of deposition. Thus supposing the mean 
ire of twenty-four hours to be 60° and that of the dew point 50^, the evapora- 
be equal to .560 — .400=.16 in. It is evident that these estimates can be but 
roximations ; for till we can obtain some accurate measure of the velocity of 

they must be liable to great uncertainty. They are, however, as much to be 
)n as the registers of the evaporating gauge in conmion use, whose only proper 
n can be to furnish a rough estimate of the state of atmospheric saturation 
oint of deposition. The notion that they afford the absolute measure of the 
of vapour raised into the air is absurd, for the instrument can only give the 
f evaporation from the shallow body of water in the place where it has been 
he conditions which modify the process vary almost ad infinitum. They vary 
md and on the water ; they vary in sunshine and in the shade ; they vary as 
tore or less clothed with vegetation, or as water is more or less deep. The 
ig gauge, so far from representing the circumstances of those bodies which yield 
') the great body of water on the earth's surface, probably does not correspond in 
ial particulars with a dozen puddles in the course of the year. The results of 
•meter accommodate themselves more easily to the ever vaxying conditions of 
em, and from these we can infer the efifect of each combination of circum- 
nd the capacity of the air for moisture modified by the velocity of the winds, 
nsion which vapour causes in air is not precisely similar to that occasioned 
r) by heat ; for while it dilates its parts it adds its own weight to the mixture, 
required to know the specific gravity of air at 32° saturated with vapour com- 
h dry air at the same temperature. Call the latter 1.00000 ; the quantity of 

will be .00720 ; which deducted from 1.00000 leaves .99280. Now, the 
' a cubic foot of air under the conditions above-named is 558.131 grains, and 
it of a cubic foot of vapour at 32° is 2.539 grains, which, the former being 
irill be nearly .00455 ; and which, added to the .99280 before obtained, will 
(5 for the specific gravity sought. Upon this principle I have constructed the 
tabic, by means of which the specific gravity of any mixture of atmospheric 
[ueous vapour from 0° to 90° may readily be found with suflScient precision. I 
e air under a pressure of 30 in. of mercury and at the temperature of 32^ the 
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N0T3 



■taDdard of oompariBon. The flnt column gives 0^ F tbc second, the quantity du 
each d^ree of heat to be subtracted or added according as tbo temperature is aboi 
below the standard ; the third exhihita the eipaDsion of volume occasioned by ri] 
of the reapeclive degrees of elaaticily npproprintB to the several degrees of heat, an 
■Iways tolw subtracted Ijie fourth is the correction tu be appSieJ for the w^ht of 
TapODr, and is coDstantly to be added and the fifth is tlie correct specific gntvit;, i 
pouDg tba air saturated with m<uture at the giveo temt>enttare. 



+ .06686 




00228 


+ .00153 1 


.06593 


+ .06*58 




00237 


+ .00159 1 


.06381 


+ .06249 




00247 


+ .00166 1 


.06168 


+ .06041 




00257 


+ .00172 1 


.05956 


+ .05833 




00267 


+ .00179 1 


.05745 


+ .05624 






+ .00185 1 


.05532 


+ .05416 




00287 


+ .00191 1 


.05330 


+ .05208 




00297 


+ .00197 1 


.05108 


+ .04999 




00307 


+ .00204 1 


.04896 


+ .04791 




00317 


+ .00210 1 


.04684 


+ .04583 




00827 


+ .00216 1 


.04*73 


+ .04374 




00343 


+ .00224 1 


.04255 


+ .04166 




00357 


+ .00234 1 


.04043 


+ .03858 




00370 


+ .00243 1 


.03831 


+ .03749 




00384 


+ .00251 1 


.03616 


+ .03541 




00397 


+ .00260 1 


.03*04 


+ .03333 






+ .0O26S 1 


.03191 


+ .03124 . 




00*23 


+ .00276 1 


.02977 


+ .02916 




00*:)7 


+ .00284 1 


.02763 


+ .02708 




00450 


+ .00293 1 


.02550 


+ .02475 




00467 


+ .00302 1 


.02310 


+ .02291 




00487 


+ .00314 1 


.03113 


+ .02083 




00507 


+ .00327 1 


.01903 


+ .01874 




00527 


+ .00339 1 


.01686 


+ .01660 




00547 


+ .00351 1 


.01470 


+ .01458 




00567 


+ .oai63 1 


.01354 


+ .01249 




00587 


+ .00375 1 


.01037 


+ .01041 


- 


00607 


, +.00387 1 


.00821 


+ .00833 


_ 


00627 


+ .00399 1 


.0060S 


+ .00624 




00647 


+ .00411 1 


.00388 


+ .00416 




00667 


+ .00433 1 


.00173 


+ .00208 




0069* 


+ .00439 


.99953 


. 0000 




00717 


+ .00454 


-99737 


- .00208 




00747 


+ .00*71 


99516 


-.00410 




00773 


+ .00486 


.99397 


-.00624 




00800 


+ .00502 


.99078 


-.00833 




00827 


+ .00518 


.98858 


— .010*1 






+ .00533 


.98638 


-.013*9 




00880 


+ .005*9 


.98420 


- .01458 




00907 


+ .00564 


.98199 


- .01666 




00934 


+ .00580 


.97980 


- .01874 




00974 


+ .00604 


.97756 


-.03083 




01014 


+ .00627 


.97530 


- .02391 




01054 


+ .00650 


.97305 


-.02475 




01094 


+ .00674 


.97105 


-.02708 




0113* 


+ .00697 


96855 


- .02916 




0117* 


+ .00720 


96630 


-.03124 




01214 


+ .00743 


96405 


-.03333 




DI254 


+ .00766 


96179 


-.03541 




01294 


+ .00789 


95954 






01334 


+ .00803 


95720 


-.03958 




01380 


+ .00839 


95501 


- .04166 




01426 


+ .00864 


95272 


-.04374 




01*80 


+ .00896 


95043 


-.04583 




01534 


+ .0092B 


94809 


-.0*791 




01586 


+ .00957 


94580 


- .04999 


- 


016*0 


+ .00987 


94348 
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57 


-.05208 


-.01694 


+ .01017 


0.94115 


58 


-.05416 


-.01754 


+ .01051 


0.93881 


59 


-.05624 


-.01810 


+ .01083 


0.93649 


i^elSO) 










60 


-.05833 


-.01867 


+ .01114 


0.93414 


61 


-.06041 


-.01923 , 


+ .01146 


0.93182 


62 


-.06249 


-.01980 


+ .01178 


0.92949 


63 


-.06458 


-.02050 


+ .01217 


0.92709 


64 


-.06666 


-.02120 


+ .01256 


0.92470 


65 


-.06874 


-.02190 


+ .01295 


0.92231 


^(9 


-.07083 


-.02260 


+ .01334 


0.91991 


67 


-.07291 


-.02330 


+ .01372 


0.91751 


68 


-.07499 


-.02407 


+ .01415 


0.91509 


69 


-.07708 


-.02484 


+ .01457 


0.91265 


70 


-.07916 


-.02567 


+ .01503 


0.91020 


71 


-.08124 


-.02654 


+ .01551 


0.90773 


72 


-.08333 


-.02740 


+ .01598 


0.90525 


73 


-.08541 


-.02830 


+ .01648 


0.90277 


74 


-•08749 


-.02923 


+ .01699 


0.90027 


75 


-.08938 


-.03020 


+ .01752 


0.89794 


76 


-.09166 


-.03120 


+ .01810 


0.89524 


77 


-.09374 


-.03220 


+ .01861 


0.89267 


78 


-.09583 


-.03323 


+ .01916 


0.89010 


79 


-.09791 


-.03427 


+ .01973 


0.88755 


80 


-.09999 


-.03533 


+ .02030 


0.88498 


81 


-.10208 


-.03643 


+ .02090 


0.88239 


82 


- . 10416 


-.03756 


+ .02150 


0.87978 


83 


-.10624 


-.03873 


+ .02213 


0.87716 


84 


-.10833 


-.03993 


+ .02277 


0.87451 


85 


-.11041 


-.04116 


+ .02343 


0.87186 


86 


-.11249 


-.04243 


+ .02411 


0.86919 


87 


-.11458 


-.04373 


+ .02486 


0.86655 


88 


-.11666 


-.04503 


+ .02549 


0.86380 


89 


-.11874 


-.04633 


+ .02618 


0.86111 


90 


- . 12083 


-.04766 


+ .02688 


0.85839 



[Page 181) To find the specific gravity of any mixture of air and aqueous yaponr, 
loeed thus. Note the temperature and the point of condensation ; if they ooincidey 
1 is to say, if the air be in a state of saturation, we shall find the specific gravity 
Hired in the fifth column opposite to the proper degree of heat in the first colunm. 
he point of condensation be below the temperature we must look for the correction to 
ipplied separately for the heat in the second column. The quantity to be subtracted 
the vapour of the given degree must be sought for in the third column, and must be 
lied minus the quantity due to its weight which stands beside it in the fourth. For 
nple, if we wish to know the specific gravity of a mixture of air and vapour of the 
perature of 60^, and of which the dew point is 40^, we find in the second column 
>8ite to 60° the number .06833, which deducted frum 1.00000 leaves .94167. In the 
d column opposite to 40^ we have .00934, and beside it in the fourth .00580. Now, 
)34- .00580= .00354 ; which subtracted from .94167 leaves .93813 as the number 
;ht. It has been objected that time is occupied in making observations with my 
^e 187) hygrometer ; but then one good observation is worth a thousand approxi- 
ions. I have not experienced any difficulty in making observations owing to the 
3 required* Moreover, by the ordinary instruments time is occupied in making 
ulations, and these are uncertain. Bibl. Univ., April 1819, says : Saussure's hair 
ge 190) hygrometer changes in its degree of sensitiveness, so that the hur has to be 
<ge 191) changed every two years. Humboldt says : Saussure's instrument is most 
sitive to the smallest changes of dryness, while De Luc*s is most exact in very 
St air; Sanssure's instrument is liable to derangement in very high wind. Old 
ige 192) hygrometers, if not oorrocted, have a tendency to indicate too great dryness. 
iUe says hygroscopic substances are slow to receive their impressions, and hence 
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{Page 193) cannot be precise. All appear to lose tone. Sau8saie*8 hygromete 

(Page 194) excessive care in its formation ; and it is difiScolt to make a 

instruments. Moreover, the relations of its indications to the actual qu 

{Page 195) vapour in the air has not been determined. It is to be added t 

may arise from the disturbing influence of heat, the heat of the body being i 

(Page 196) the adhesion of dust, etc., the choking of the pivot of the wheel, an* 

friction from the index. Saussure says, a perfect hygrometer should have a r 

(Page 198) cient to indicate the smallest difference of humidity and dr)'nei 

be sufficiently prompt in action to vary with the state of the air ; always read 

under the same conditions ; be comparable with other hygrometers ; be afiectc 

(Page 199) aqueous vapour ; all the degrees of the scale equaL Hutton sug 

use of the dry and wet bulb thermometer for hygrometric purposes. Observa 

it may fumi^ data for solving the problem ; but abstruse calculations are nec^ 

many delicate and unsettled corrections. Leslie's form multiplies the sour 

(Page 200). The observation in its most simple form is by no means so eas 

accurately as appears at first sight. It is almost impossible to prevent ra 

interfering with the result The temperature of evaporation is no longer tb: 

quantity which it is supposed to be, if dependent only upon the temperature 

is liable to fluctuations with every change of place and every breath of v 

density of the air must also be taken into account, and it is allowed that tL 

duoed by evaporation from the moist bulb must depend in some measure upon 

of the barometer. The formulas, corrections, etc., differ according to the authoi 

(Page 201) Anderson, Ivory and Gay-Lussac. [He then gives experimen 

(Page 202) the high degree of sensitiveness and accuracy of his hygromete 

(Page 234) essay upon radiation of heat in the atmosphere, he has numerous o 

bearing upon aqueous vapour, but he does not describe any of the results as b 

aqueous vapour. Those only are mentioned here in which aqueous vapour 

to; the others will be given under Temperature.] Scoresby in his * Journ 

says : — In cloudy weather no freezing of the sea, I believe, ever occurs when 

raturo is above 29^ ; but in clear calm weather the sea, in the interstices 

generally freezes on the decline of the sun towards the meridian below the p 

the temperature be 32° or higher. In the instance now alluded to, the fn 

menced when the temperature was 36°, being 7i° or 8° above the freezing | 

water. Leslie found the effect on his differential thermometer to depen* 

(Page 236) clearness of the atmosphere. [He has many observations in whicl 

the state of the sky, but he does not make any special reference to the infli 

aqueous vapour. These observations belong to Temperature at Loudon.] *] 

(Page 264) sive effect of close weather and sultry days may probably be ac 

from the obstruction of the insensible perspiration of the body, which is pre^ 

exhaling itself into the atmosphere, already surcharged with moibture ; while 

transpiration from the pores, when the air is more free from aqueous vapou: 

energy to all the vital functions. The mean quantity of vapour follows 

(Page 269) changes of the mean monthly temperature, that is to say, the 

rises and falls with the increase and decrease of the heat. [This is based on c 

in London.] The force of radiation in May in London from the surface of 

(Page 277) 13°; in April it was 14° The reduction of this effect implies a 

(Page 279) clouded state of the atmosphere in May than in April In July 1 

qf the mean temperature appears to be wholly derived from the night. Tl 

owing to the cooling power having been checked by a cloudy sky. In C 

(Page 282) remaining heat of the earth is preserved from a needless expen 

(Page 301) guarded from a dissipation by an increasing canopy of clouds. 

{Page 302) of monthly mean temperature and of the dew point [for London 

closely the constituent temperature of the vapour follows the mean tempen 
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air. It is more speedily diminished by the fall of the latter than it is increased by its 
rise. Hence arises the contrast between the dryness of the spring and summer months 
sod the dampness of the autumn and winter. The force of the vapour appears to be 
(Page 303) governed chiefly by the minima of temperature ; and a line connecting 
together the points of greatest depression would not dififer very essentially from the dew 
point A rise in the line is generally accompanied by a fall in the barometric curve 
{Page 304). The variations of the aqueous atmosphere are greater for equal differences 
it the upper than at the lower part of the thermometric scale. 
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SCIENTIFIC UNION. 



^titxiMc Winion* 



The rapid progress of scienoe now going on is, in part, the result of the 
great increase in the number of workers. This is accompanied by a larger 
and larger host of scientific serials. The consequence is that the student 
finds an increasing difficulty in ascertaining what has been done, or is in 
process of being accomplished, not only in his own special line of study, but 
also, and more particularly, in such as do not immediately interest him. 
Every student finds, from time to time, that he has a desire for full informa- 
tion on subjects in these outlying sciences, for the purpose of throwing light 
upon his special studies. The state of literature is such that he is frequentlj 
daunted by the difficulties attending his research, or, if he perseveres, he finds 
a great deal of time imnecessarily wasted. The remedy for this is the foca- 
lisation of knowledge round a series of centres. The two main steps in the 
process are, first, collelstion, and, next, classification. It is with this ulterior 
object in view, that all persons interested in meteorology are earnestly asked 
to forward their names and addressee, particulars as to the work they hsTO 
done in meteorological and other sciences, their present lines of study, vnjB 
in which help is desired, and any other items that may occur to them. These 
details will be classified, and, when the opportunity offers, selections from 
them will be published. The Conductor will exercise careful discretion in 
the selection, as also in the use he may make of the more private details. 
The first list will be published in November, 1883 ; but correspondents are 
requested to send in answers soon, in order to allow of ample time for their 
classification, and for their utilisation in private correspondence in the 
interests of correspondents. 

In order to prevent any misconception, it may be stated that the Con- 
ductor's object is solely to promote scientific union, and is no way intended 
to be of a charitable nature in any pecuniary sense. If there is a sufficient 
response to these requests, the same line of proceeding will hereafter be 
suggested, from time to time, for the students in other branches of science. 

Newspapers and scientific journals of all countries, willing to help in 
this matter, are asked to make the above requests known to their readers. 

Address, Conductor, " Scientific Koll " office, 7 Bed Lion Court, Fleet 
Street, London, E.C. 



We are glad to find that some attention is being given to the subject of promoting 

greater unanimity of action amongst our local Scientific Societies ; but up to the present 

time the interest manifested has not been equal to what the importance of the movement 

demands. In the course of the present session we hope the numerous oonmuttees of 
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the local societies will consider the matter, and do what they can to help. The report 
of the last Conference is given below ; and it is followed by extracts from a paper which 
the author. Dr. Baker, has kindly allowed ns to reprint, which enforce the great need 
there is for combined systematic stady of a subject which has hitherto been strangely 
n^lected. In early numbers of the ** Scientific Roll," remarks will be offered upon the 
systematic observations and plans of operation which have been made or adopted by 
local societies. 



CONPEBENCE OF DELEGATES FROM SCIENTIFIC SOCIETIES, 

Hdd AnnudU^ during the Meeting of the British Assoeiation, 



Third Oonferenee. 



80UTHAKPT0V. 



8Sth August, 1888. 



Present: 

W. Whitakeb, B^., F.G.S. 
(In the Chair.) 

Peteb Price . 
F.T. MoTT,F.R.G^. . 
Alfbed T. Brett, H.D. 
H. Gboboe Fordham, F.G.S 
BtT. Canon Boqerb, MJ^. 
D. GoBSE Glen, F.G.S. 
Chas. p. Hobkirk, F.L.S. 
Wm. Cash, F.G.S. 
WnxiAX Gray, M.RJ.A. 
Charues Pumphret . 

F. A. Bather • 
Baphael Meldola, F.R.A^ 
JoHs Sfiller, F.CS. • 
John Eibsop, F.SA., Scot 
Thomas Lister. 

G. J. Stmons, F.R.S. . 



F.C 



Minutes. 

Society represented : 

• f Norwich Geological Society. 
lEast Kent Natural History Society. 

• Cardiff Naturalists* Society. 

. Leicester Literary and Philosophical Society. 
. ) Hertfordshire Natural History Society and 
. S Field Club. 
. Royal Cornwall Polytechnic Society. 

• Geological Society of Glasgow. 

• Yorkshire Naturalists* Union. 

• Yorkshire Geological and Polytechnic Society. 
. Belfast Naturalists* Field Club. 

. Birmingham Natural History and Micro- 
scopical Society. 

• Winchester College Natural History Society. 
. > Epping Forest and County of £ssex Katura- 
. S lists' Field Club. 

. Natural History Society of Glasgow. 
. Bamsley Naturalists' Society. 



The Minutes of the Conference held at York, 6th September, 1881, were taken as 
lead, confirmed, and signed by the chairman. 

Mr. Fordham read the following report of the committee appointed at the York 
Conference : — " Beport of the committee, consisting of Sir Walter Elliot, Mr. G. J. 
Symoos, Mr. W. Whitaker, Mr. John Hopkinson, and Mc. H. G. Fordham, appointed 
at the Conference of Delegates held at York, 6th September, 1881, (1) ' to take steps to 
have the Conference of Delegates recognised by the Council of the British Association ' ; 
and (2) * to send out a circular to the various local scientific societies, pointing out 
the work undertaken by the committees of the British Association, and the valuable 
aid which may be given by these societies in that and other scientific work.* 

''I. The General Committee of the British Association having referred to the 
Council * to consider the number and position of delegates from scientific societies, and 
the r^ttlations which should be adopted for governing their relations to the Association,' 
the committee have thought it better not to make the formal representation to the 
Coancil contemplated in their instructions. Some communications on the subject have, 
howewa^ passed between individual members of the committee and the ofiEicers of the 
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*' The Council have appointed a committee to consider and report on the question 
referred to them by the General Committee, and this committee having recommended to 
the Council ' that they be empowered to confer with delegates representing the societies, 
to ascertain in what way the Association might be able to aid them in obtaining a 
better organization and a more effecdve direction of their efforts in the cause of science,* 
and the Council having adopted this recommendation, your committee was invited to 
send one or two representatives to confer with the committee of the Council on the 
subject. The meeting was held on* March 28th, when Mr. Hopkinson and Mr. Fordham 
attended on behalf of your committee, and the position and objects of the annual 
Conference of Delegates were discussed at some length. The results of this discossioa 
are embodied in the report presented by the Council to the General Committee on 
Wednesday.* 

'' 2. The committee have prepared and issued the circular to local scientific societies, 
with a circular letter, drawing attention to the annual Conference, and to the rule of 
the British Association under which delegates may become members of the General 
Committee, asking for a discussion of the circular and enclosures, and giving infonnation 
as to the Conference to be held at Southampton. With this letter they sent a printed 
copy of the minutes of the York Conference. 

" The circular itself referred to the work of three committees of the British Associa- 
tion (those on underground waters, erratic blocks, and underground temperatures), sod 
to investigations relating to the following subjects : — Rainfall, periodical natural j^ 
nomena, and the appearance of and damage done by injurious insects. The following 
papers were enclosed with it : — ^Mr. Symons' pamphlet on the * Arrangements for the 
systematic observation and record of the rainfall of the British Isles,' a copy of the 
table of monthly rainfall in Hertfordshire, and the form, with lists of plants, insects^ 
and birds recommended for observation, issued by the Meteorological Sodety. 
A selected list of periodical natural phenomena (prepared by Mr. Hopkinson) and a list 
of injurious insects (from Miss Ormerod's publications) were printed at the end of the 
circular. 

" The special thanks of the committee are due to Mr. Symons, and to the Meteoro- 
logical Society, for copies of the pamphlet on rainfall, and of the phonological form, 
and the committee have also to thank the editor of the * Scientific Roll ' for reprinting 
in his publication the minutes of the York Conference, and the papers issued by the 
committee. About 200 copies of the circular, with the other papers enclosed, have 
been sent out to local scientific societies. The committee regret that they have not 
received many replies to their circular letter ; on the other hand, in some cases applica- 
tions for copies of the papers have been received from societies whose existence was not 
known to the committee, and no doubt a certain amount of interest has been arofoaed, 
and some practical good has been achieved, by putting before a large number of kcal 
scientific workers a definite proposal for systematic scientific work. The amount 
received in 6«. subscriptions at the York Conference was £3 lOs., and £1 has been since 
received by the committee. The expenditure up to the York Conference for printing 
and postage was £2 10s., and the expenditure smce incurred in printing and issuing the 
circular and other papers has been £4 14a., showing a deficiency of £2 148. There viU 
also be some small additional expense in convening the present Conference." 

** ♦ The recommendations of the Council, which were adopted, after some discoflsiGO, I9 
the General Oonmiittee, were as follows ;— * (1) The omission in the rules (General Com- 
mittoe, Class B Temporary Members, § 1) of the words " and the Secretary of such Socie^?* 
which follow the words, "or, in his absence, a delegate representing him.'* (2) Tit 
appointment of a committee in order to draw up suggestions upon methods of bum 
systematic observation and plans of operation for local societies, together with a WM 
uniform mode of publication of the results of their work,' and also, ' that this 
should draw up a list of local societies which publish their proceedings.' " 
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The adoption of the report was moved by Mr. Mott, seconded by Mr. Price, and 
animonsly agreed to. 

The change made by the General Committee of the British Association in the rule of 
t Association relating to the appointment of representatives of scientific societies on 
t committee, by which the representation is now limited to the president of a 
iety, '* or, in his absence, a del^;ate representing him,** was discussed at some length. 
VBS pointed oat that the presence of the president of a society at a meeting of the 
»ciation, even if only for a single day, and without his taking any practical part in 

business of the Greneral Committee, prevented his society being represented by a 
^te on the committee, and in order to obviate the inconvenience arising in this and 
sr ways from the wording of the rule, and to place in the hands of societies the 
ct appointment of their representatives, it was moved by Mr. Price, seconded by 

Glen, and unanimously resolved, that steps should be taken to amend the rule, so 
t it should read, ** A delegate appointed by any scientific society publishing trans- 
ons." It was left to Mr. Fordham to bring this proposal before the Council and 
teral Committee at the earliest opportunity. 

The chairman drew attention to the desirability of obtaining greater regularity and 
bod, and a nearer approach to uniformity of plan, in the publications of societies 
ing similar objects, and undertaking similar work. 

After some discussion, Messrs. Meldola, Hopkinson, and Fordham were appointed a 
imittee for making the arrangements for the next Conference, to be held during the 
;ting of the British Association in 1883. 

It was referred to the committee to obtain one or two papers on subjects of interest 
xal scientific societies to be brought before the next Conference, in order to insure a 
liar discussion of special questions, and several matters were suggested as being 
able for consideration by the Conference, 
^otes of thanks to the committee and to the chairman closed the proceedings. 



THE SYSTEMATIC STUDY OF CAUSES OF SICEUfESS 

AND DEATHS. 



HENBY B. BAKEB, M.D., SECBETABY OF THE STATE BOARD OF HEALTH OF HICHTGAK. 



riiUed in part from the Annual Report of the Michigan State Board of Health for 1881.] 

he first and most constant need of the sanitarian is accurate knowledge respecting 

most common of all occurrences — sickness and deaths from diseases which 

tg years and series of years have affiicted mankind. If it seems strange that there 

great lack of knowledge on such common subjects, it must be remembered that 

iry science is one of the latest sciences, and that physicians, as such, have had no 

to record or to note many of those classes of facts which form the foundation of 

iry science, though some have had occasion to contribute greatly thereto. The 

ntion of sickness has not been their work, and the collection of facts respecting 

lumbers of cases of sickness or deaths involves labour and expense too great to be 

by individuals, unless the knowledge gained thereby is such as will advance the 

in which they are engaged. It has not been apparent that sanitary science would 

y advance the art of healing or the science of therapeutics, for which other classes 

;t8 are needed, and for which they have been diligently collected, in times past. 

gh it is possible that the science of therapeutics might be fostered and advanced 
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by governmental aid, there seems to be no especial need for such aid so long asitiifei| 
the pecuniary advantage of individuals to perfect their knowledge of thertpeaticii& 
order to lead in the practice or teaching of their profession. But with sanitary team 
the case is very dififerent, — there never has been^ and there is not now in this State^iaf 
class of persons having such an income from any public-health service by the faid^ 
vidual citizen as will permit of any effort for the collection of those fiusts which m 
essential to the banning of sanitary science. In the statement just made I do not ! 
forget that progress in sanitary science and improved health-service increases thi J 
incomes of individuals generally throughout the State ; this is undoubtedly troe, hot ft ^ 
does so by lessening expenditures and by increasing the ability to labour in ordhuoy 
and extraordinary pursuits. It is plain, therefore, that we cannot expect much piogreH 
in sanitary science without some such associated effort as that afforded by govanmflols 
— State, National, and local. The old saying that ** what is everybody's business is no> 
body's business " is particularly applicable in this connection ; for though it is resdfly 
granted by every one we meet that '* health is wealth," that ** public health is pablie 
wealth,'* that '* an ounce of prevention is worth a pound of cure," and that metsani 
for the promotion of health are of vital consequence to every person, yet, except tb» 
government aids, there is now no person who can get a living by labouring fer the 
prevention of sickness. 

BOW CAN A OOVERNUEKT PBOlfOTE 8AKITABY SCIENCE? 

The chief duty of a government is to do for the safety of a. people whatever they 
are unable singly or by practicable voluntary associations to do for themselves. I(ts 
is now known to be the case, people die or suffer in great numbers from lack of know- 
ledge which only the government can collect and diffuse among them, evidently it ii 
one of the highest duties of the government to collect and difiuse that knowledgs* 
That hundreds of such deaths have occurred in this State in every year is now 
established by good evidence. 

WHAT KNOWLEDGE IS NEEDED FOB THE FBEVENTION OF DEATHS. 

Manifestly the first requisite for the prevention of deaths is a knowledge of the 
causes of the deaths. This has long been recognized by; intelligent legislators, and in 
most civilized countries "vital statistics" have for many years been regularly and 
systematically collected. The same is true in many of the States of this Union. The 
history of progress in public-health movements shows that sooner or later the facts 
thus collected usually lead to some organized work for the prevention of deaths ; thus 
in England, Annual Reports by the Registrar General relative to vital statistics have 
been published since the year 1836, while Reports by the Medical Officer of the Privy 
C!ouncil date from the year 1858, showing that after the banning of vital statistics in 
England, twenty years elapsed before a general Board of Health was established with 
the view of attempting to systematize the public-health work, and make it more 
effective. In this country, in Massachusetts, vital statistics have been collected since 
1842, and in 1869 a State Board of Health was established for the prevention of those 
deaths which the vital statistics showed to be most numerous. During the twenty- 
seven years preceding the establishment of a State Board of Health in Massachusetts, 
the statistics of deaths and their causes had been collected, published, and studied by 
citizens of that State, and the evidence was conclusive that many deaths occurred from 
causes known to be preventable, and many more occurred from diseases believed to be 
preventable or avoidable. In Michigan, vital statistics have been collected since 1868, 
and the State Board of Health was organized in 1873, — following the first inquiry for 
facts more speedily than in the older countries, partly because the vital statistics of 
Michigan soon showed that in Michigan as in Massachusetts, there were many pie- 
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fentable or avoidable causes of sickness and death, and suggested a similar agency for 
communicatmg to the people the knowledge necessary to avoid or prevent deaths from 
sach causes. It must not be understood that the vital statistics alone are sufficient to 
give this important knowledge. It is said that a single bone enabled Ovren to construct 
or repatxluce the skeleton and form of an extinct species of animals, and subsequent 
discoveries of fossil remains confirmed his hypothesis and heralded another of the grand 
triumphs of mind over the difficult problems with which thinking minds everywhere 
are engaged. But it was to Owen, the diligent student of anatomy, the close 
observer of the many ways in which organ is correlated with function, and function 
with function, the learned teacher of the fundamental laws of structure and of the 
histozy and philosophy of structural development — it was to the keen eye and mind of 
9udi a man, and not to the mere delver in the earth by whose spade the bone was 
brought to light, that the communicative fossil disclosed its secrets of the past, its 
vifion of the perfect form that should be revealed. 

Thus it is not to the mere compiler of vital statistics that there is given a compre- 
hensive view of the relations which the various classes of deaths bear to the varying 
conditions of soil, dimate, age, occnpation, nationality, social custom, individual habit, 
and pecuniary circumstances, by which the people of a State are surrounded, and of the 
various means of prevention or avoidance, direct and indirect, by which it is possible to 
lessen the death-rate of a State, diminish its burden of sickness, crime, and poverty, 
prolong the lives of its inhabitants, and promote their comfort, welfare, and happiness. 

The man or the body of men who, from its vital statistics, shall construct the public- 

bealth service of a State must bring to the task the knowledge which can be acquired 

only at the feet of the masters of the medical sciences, and in the every-day walks of the 

Jihysiciaii ; the familiarity with the manifold forms and habits of minute organic bodies, 

both animjil and v^etable, which only the biologist has attained ; the command of the 

iooirgamc substances and forces of nature which is bestowed only in the laboratory of the 

chemist ; the knowledge of the formation and relative position of rocks and soils and of 

the relations of these to drainage and water-supply which is the reward of the geologist ; 

the knowledge of climate which is the heritage of the meteorologist ; the knowledge of 

the principles of government and of the moral nature of man which characterizes the 

^wyer ; the power of conmianding the attention and addressing the conscience of the 

People which is the glory of the orator and the preacher, — these qualifications and more 

requisite not only to that study of vital statistics which shall discover the preventable 

of deaths, and elaborate practicable means for their removal or control, but also 

to thftt sacoessful adaptation of means to ends by which the people shall be led to adopt 

^nd enforce practicable measures for their own protection and safety. 

USES OF VITAL STATISTICS. 

To vital statistics we are indebted not only for evidence showing the necessity of 
effcxrt for the prevention of deaths, but such statistics are needed for constant reference in 
•todying methods l>y which the deaths may be prevented. Before we can act intelli- 
gently for the prevention of deaths from any given disease or cause, we need to know 
the t f™« of year at which the danger is greatest, the ages at which a person is most in 
dangeTy to persons of which sex the danger is greatest, whether the danger is greater in 
one part of the State or country than in another, and many other facts. Vital statistics, 
aocoxtttely collected, compiled, and studied, for a period sufficiently long, will give us 
mo£tL information* 

WHAT ABE "contributions TO 8ANITABY SCIENCE"? 

It is, I think, just as important to " know a good thing when we see it" in public- 
liciUh work as in any other affair ; therefore it is well to bear in mind that popular books 
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and articles are not usually *' oontribations to science/* that papers (such, for insti 
this one) read at public meetings are not usually ^ contributions to sanitary sc 
and that really valuable ** contributions to science " are not commonly easy and p 
reading, notwithstanding their high yalne in advancing existing knowledge. A 
is built up by the accumulation of numerous facts, which, ultimately, are gronpe 
to exhibit general truths. When an individual or a government collects numeroxi 
and sidlfully groups those facts so as to lead to new knowledge bearing up 
problems with which public-health work deals, that individual or that government 
an important contribution to sanitary science. However useful it is to have ess 
public-health work in all its various departments, and however much good may I 
because of the stimulus of such essays, which I consider essential to progress in 
tion, yet it must not be forgotten that the real solid basis of all such work must 
in the patient, painstaking accumulation of facts (such as physicians are freely 
buting), their classification, comparison, collation, provisional grouping, au' 
grouping so as to serve as bases of action. Thus the recognized basis of sanitary 
is statistics— of deaths, of sickness, of meteorological and other surrounding cone 
though very much more than such statistics is needed for an effective public- 
service. 

USEFUL FACTS FBOX THE VITAL STATISnnCS OF MICHIOAK. 

Facts illustrating the nature of some of the information gained by means o 
statistics already collected in this State, may be given: It has been learn* 
instance, that in this State, during a long series of years, the danger from small-p 
not as great as the danger of death from whooping-cough, there being twice as 
deaths from whooping-cough as from small-pox (though the proportion of chile 
greatest among those who die from whooping-cough). It has been learned thatd 
of the lungs cause nearly one-fifth of all the deaths reported in this State, an 
nearly one-half of all the deaths are attributed to diseases of the lungs, the bowe 
the brain ; and it is found that a lai^e proportion of the deaths from each of thesi 
groups of diseases are reported to be caused by tubercular diseases, such as cor 
tion of the lungs, consumption of the bowels, tubercular disease of the brai 
coverings, etc., so that if, as now seems probable, sanitarians shall soon be able t 
consumption among the preventable diseases, and to teach people how to pre 
considerable proportion of the deaths now charged thereto, it will be one of the gr 
achievements of the century ; for it will add more to the financial prosperity 
people than can be easily computed, hundreds of thousands of dollars annual! 
being lost to the people of this State by reason of sickness and deaths from consum 
and then the anguish of human hearts beyond any power of computation or cxpre 

The deaths reported from consumption in Michigan will average over 1,400 am 
and there is evidence that the number reported should be much increased in or 
equal the deaths which actually occur ; probably two thousand persons die in this 
in every year from consumption. And yet compared with many other States Mi( 
is a very healthful State, and we are accustomed to regard these deaths as inevit: 
indeed, as a rule, they seem to be when once consumption has been contracted ; am 
this time no effort has been made to prevent the spread or occurrence of this diseas 
may serve to awaken the enthusiasm sufficient to start some effort for its stud 
restriction, if we consider that consumption is now proved to be communicable fron 
to lower animals ; that there is good evidence that the disease may be com 
cated from animals affected with it to man — as, for instance, to susceptible oh 
by means of milk of a tuberculous cow, to any susceptible person by i 
of insufficiently cooked meat of a tuberculous animal; that there are hundn 
tubercular cows and other animals ; and that consumption is probably spread a 
people in un ventilated rooms by breathing air which has come from the lungs of p 
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fering from oonsumptioD. The evidence of this last propoeition is twofold— because 
Q statisUcal and other evidence some have been convinced of the truth of it, and 
I7 experiments have shown that dogs will contract the disease if caused to breathe 
in which tuberculous matter has been anatomized. Let us place these facts by the 
of those others which the vital statistics give us — ^namely, that, counting all children 
grown people in this State, at least twelve per cent, die from consumption—an average 
d to every eighth person you meet in this State ; aDd we may add that the death- 
is reported about double this among persons over fifty years of age ; thus we begin 
ee abundant reason for tremendous effort to learn the whole truth, and then for 
her effort for the prevention of this great waste of human life, which is going on 
ngus. 

THS VALUB OF BEP0BT8 OF 8ICK27ESS. 

Until recently sanitarians have been obliged to accept as their best guide in the 
y Qf the causes of sickness the facts reported concerning the number, time, and 
;ed causes of deaths ; but evidently there is much sickness which does not result in 
h, but which, nevertheless, it is very desirable to prevent if possible, and there are 
y deaths having a remote cause in sickness or other conditions quite different from 
« immediately preceding the death, and likely to be reported as its cause ; so that 
istics concerning the sickness of a people are no less necessary than those concerning 
ha. Weekly reports of sickness also servi^ announce to a State Board of Health, 
creaks of communicable diseases, and tfus enable the board to direct attention in 
ous parts of the State where such diseases occur, to necessary measures for the 
riction and extirpation of the disease. For such timely work by the State Board a 
em of prompt and regular reports of sickness is essential. Yet it is only for a few 
rs that the attempt has been made to collect statistics of sickness ; and at this time 
low of no such systematic effort being made elsewhere for the collection of facts 
)ecting sickness as that by the Michigan State Board of Health. This Board receives 
kly reports of the sickness imder the observation of many of the leading physicians 
his State, about one hundred of whom in nearly as many different parts of the State 
nptly notify the Board of the outbreak of any communicable disease, and regularly 
8t concerning the relative prevalence of cases of each of the prominent diseases 
er their observation. This makes it possible for the State Board of Health to send 
nptly to each locality, documents bearing upon the restriction of any particular 
ase which occurs, concerning the restriction of which the State Board has g^ed 
til information ; provided the State Board has the means to print and to distribute 
iments in that manner ; and such distribution is desirable even if the document has 
I generally distributed before, because, during an outbreak of a disease, many will 

and gain information relating to that disease, who will not do so at other times, 
aside from keeping the State Board constantly informed concerning the health or 
ness of the people, the weekly reports of sickness have great value as contributions to 
exact knowledge on the subject ; because the facts thus reported can be systemati- 
f arranged, compiled, and joined with other facts similarly arranged respecting the 
fundings of people at different ages and at different seasons of the year, and know- 
e may thereby be gained which will eventually enable the board to tell the people 
x>ndition8 under which sickness from each of the prominent diseases occur, and the 
jtions under which it does not occur, — knowledge which must be gained if we are 

to be able to avoid or control those conditions which are now permitted to 
)le and to destroy so many prematurely. 

METEOBOLOOICAL AND OTHBB CONDITIONS MUST BE KKOWN. 

!n order to build up a sanitary science which shall serve as a basis for the prevention 
ickness and deaths, it is essential, as has ahready been said, to have facts from more 
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sources than one. It is not enough to know that there are more deaths from inflamma- 
tion of the lungs in winter, and more from diarrhcea in the summer,— we need to know 
to what condition of the air, what condition of the body, or of its sonoundings, the 
increase of deaths or of sickness is due, before we can consider the best methods for chimging 
or for avoiding those conditions. 

Only by long-continued watching, recording, and studying the meteorolo^cal con- 
ditions can we learn whether it is the cold, the absence of mcHsture, the excess of ozone, 
or the action of the wind, which causes so many more deaths from diseases of the throat 
and air-passages in winter than in summer, or whether all these are but indirectly 
related to the subject and the real cause is — as Dr. A. N. Bell has recently suggested — 
fllth, which can easily be removed or avoided. Yet nothing is more certain than that if 
systematic effort is made we can learn which of the conditions are invariably coincident 
with the disease and which are only incidentally present ; for notwithstanding the fact 
that in this State the air is generally cold, dry, windy, and contains an excess of OEOoe 
in winter, these conditions do not prevail with absolute uniformity, but sometimes one 
is absent and sometimes another, therefore sooner or later every one of these and other 
conditions can be compared with the sickness and the deaths from each of the differoit 
diseases which now afiQict us, and the truth learned as to whether these relations severally 
or collectively are those of cause and effect. If individual effort could readily achieve 
this, I think it would have been done long ago ; but when the people of a State collect, 
compile, and publish the material essential for such studies the work has begun, and in 
this State such a beginning has been made. From the earliest times it has been known 
that the weather has much to do with health, but at the time the first State report on 
vital statistics in Michigan was published (for 1867) the compiler gave only a single 
table of results of meteorological observations, at the Agricultural College, and regretted 
his inability to secure results of any other observations in the State. It is only within 
a few years that systematic observations have been taken for the public-health serrioe 
of the State, and even now no compensation is given for such important service ; bot 
philanthropic persons are now prompted to contribute their labours because the State will 
compile and publish, and thus render their work available for use in sanitary science. 

The State Board of Health now receives contributions of meteorological records from 
about thirty observers in different parts of the State. Each observer makes records of 
observations three times each day, namely, at 7 a.m., 2 p.m., and 9 p.m.; and he records 
the facts relative to temperature, humidity, barometric pressure, clouds, winds, ozone, 
rain, and snow. As these observers " work for nothing and board themselves," they 
are not expected to add the figures in the several columns for the months ; such labour 
and also computations of the absolute and the relative humidity, computations to learn 
the actual pressure of the atmosphere, etc., are performed in the office of the State Board 
at Lansing, where also tri-daily observations are taken. The reports of these thirty or 
more observers, when added, computed, and averaged, are compiled in tables, showing 
for each locality the average for each meteorological condition which is observed. These 
tables may be used for purposes of study by any person. In order, however, to prepare 
in the best manner possible the statements of the conditions of the air, so that they 
may most easily be compared with statements of the sickness or deaths from each 
disease, and an estimate made of the influence upon the disease by each meteorological ( 
condition, it has been the custom to so perfect the data that it can be represented to 
the eye on a diagram drawn accurately to scale. Such diagrams are as useful and as 
essential to the sanitarian as are the profiles which the surveyor makes for *' cuts ** and 
" fills " to the builders of railroads and streets, and their modes of construction and we 
are similar. 

SPECIAL IKVESnOATIONS. 

Sanitarians must do more than utilize contributions from meteorology and from 
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each of the other sciences ; they must make original investigations, such as will result in 
the actual creation of knowledge never hefore attained ; this is the grand mission of 
sanitary science in behalf of human welfare, and for this sanitarians must face up to 
nature in ways never before attempted by human beings, and must bring back from 
this search after revelations, portions of fh&i eternal truth which will teach us the way 
of life, the way of health, and the way of happiness. 

What some of the points are concerning which special investigations are needed, it 
may not be amiss to say a word here. With regard to small-pox, diphtheria, and scarlet 
fever, three dreaded diseases which afiQict our people, the State Board of Health, in 
common with the leading men of the medical profession generally throughout the State, 
already know enough to suppress these diseases if the people could be put in possession 
of the knowledge and would act upon the information, which however is not likely to be 
placed before them unless the State Board of Health can have the means for this 
important service. In fact, small-pox is practically suppressed in Michigan to-day, and 
di^theria and scarlet fever have, in many instances in this State, been stamped out of 
existence in localities where they have appeared. The way to control scarlet fever or 
diphtheria is not, as seems to be the opinion of many intelligent people and some 
phyndana even, to wait till the disease has taken possession of an individual and then 
do something to him to kill the disease, provided that the disease does not first kill him, 
but to keep the disease out of him from the first, by keeping it away from him and him 
away ftoni it ; and to shut the disease into the closest possible quarters and then bum 
it out or smother it in its most secret lurking-places. This is possible, it is practicable 
and when all our people join hands to do it, it will be as easy as it is now to keep the 
wild bears of the forest from our homes ; but without efiScient local boards of healthy and 
general cooperation by the people, no family can protect itself from either scarlet fever 
or diphtheria. 

With regard to diphtheria, however, there are questions which it would be of use to 
have decided. We know that the living germs or the poisonous elements which cause 
the disease are reproduced within the human body, and that in various ways, direct and 
indirect, the disease is communicated from one person to another ; in other words, we 
know that the disease is contagious ; whether it is also infectious^ that is, whether the 
inTiaUe germs or elements of poison whose presence in the body causes the disease are 
also aometimes reproduced in substances outside the body, how long they can live (or 
conlaniie efficient to cause disease) in substances outside the human body, and in what 
sabatances they can live and retain their deadly power, are questions the correct and 
imquestioDed answers to which would be of great use in preventing the disease and in 
destroying its cause. It would also be of service to know what it is that makes some 
epidemics of diphtheria much more malignant than others, for thus we may be able to 
sobatitute mild for malignant epidemics, in some such way as is done for small-pox. 

We know that the typhoid-fever poison is communicated by water and by milk ; but 
we need investigations to learn in what other ways it may be communicated, and how it 
18 propagated, whether always in the body or sometimes outside the body, and in what 
lower animals. 

There is much, too, that needs to be known concerning consumption, a disease of 
which more is said in another part of this paper. 

The question of the causation of intermittent fever, or fever and ague, as it is called, 

which we now know to cause more uckness in Michigan than does any other disease, is 

ftiU an unsettied question ; and while much has been done towards preventing it, by 

dninage, by cultivation of the soil, and by planting of trees, it would be a great boon to 

the people of this State if we could know certainly what are the relations of intermittent 

terer to marsh land, or what it is connected with overflowed land that so greatly feivours 

the disease, what are the conditions both subjective and objective under which ague is 

certam to arise, what is the specific poison of the disease, if such there be. 



ANNOUNCEMENTS. 



OUMATIO DISEASES KAY BE OOHTBOLLED OE AVOIDED. 

With increasiDg facilities for travel it may soon be practicable for homan bdngs to 
gain as much control over their climatic conditions as the wild geese have so long 
enjoyed ; but before this can be realized we must know as much as the geese do, — for 
they seem to have gained that knowledge which mankind are so slow in gaining, and for 
the attainment of which I am pleading, namely such knowledge as will enable any 
person to know the special danger at each age and at each season of the year in each 
habitable portion of the earth. But, because of the expenses of travel and the many 
difiSculties in the ^^y of periodical movements of the population, I would not be content 
to stop with the knowledge of a wild goose. There are animals which know enough to 
take care of themselves in warm or in cold seasons of the year, particularly in climates 
BO favorable as that in Michigan ; and I see no reason why men may not eventually learn 
to do as well, if only they will admit the feasibility of so doing, and will devote a neces- 
sary part of their energies to this undertaking. In order to accomplish it, however, ii 
seems to me essential that there shall be organized effort, and especially that those whom 
we elect to apportion the expenditures of the State, in the interest of the whole people 
and not for the exclusive benefit of local or class interests, shall understand the aims 
and purposes of the systematic study of the causes of sickness and deaths, and shall 
recognize those purposes as high and noble. 

I hope no one will infer that in this paper all the work of the State Board of Health 
is mentioned ; in view of the many other labours by the Board, and by individual members 
of the Board, it is my duty to say that this paper relates only to a small part of the 
work of the Board, a part which less than many other parts has to do with its every-da/ 
work at the present time, such, for instance as the dissemination of information ahead/ 
gained ; yet it seems to me that it is work which it is absolutely essential to have done in 
order that in the future progress in sanitary science and service may be possible; and it 
cannot be done except by thorough cooperation among several classes of people. The 
purpose of this paper is, therefore, the hope of creating a greater interest in a subject 
which I deem of vital importance to our fellow-men. 



ANNOUNCEMENTS. 

Fart III. of the " Scientific Boll " will be commenced, if life and health and sappoit be 
granted to the Ck)nductor, in 1888. In order that the Bibliography may be as foil as 
possible, authors and publishers are respectfully solicited to send copies of, or referenoec toi 
all their publications dealing with the barometrical condition of the air. 

As soon as 200 persons haTO expressed a wish to subscribe for any one of the sobjeeii 
mentioned below, the publioation of that section of the ** Scientific Boll " will be forthwi& f 
commenced. The subscription price will be 7«. Qd. and 10a. for each volume, according tf 
the residence of the subscriber is at home or abroad. Each Tolume will comprise firom 
400 to 500 pages ; and each volume will, in most cases, contain two or more parts, esch of 
which may be subscribed for separately. The extent of these parts will depend npoo the 
amount of matter in hand, so that the subscription price for each cannot be fixed at pieeent, 
but will be settled when the publication of each part is commenced. The following ifl ^ 
list of the principal subjects : — 

Atmosphere, Water, Ocean, Eivers, Lakes, Springs, Glaciers, Land, Elevation and Sub- 
sidence of Land and Sea-Bottom, Denudation, Orography, Earthquakes, Volcanoes, MarsbeSf 
Minerals, Stratigraphy, Bocks, Plants generally and in classified groups ; Animals ff^ 
rally; Protozoa, Actinozoe, Hydrozoa, Echinodermata, Crustacea, Scolecida, AnDelui*? 
Mollusca, Myriapoda, Arachnida, Rhynchota, Orthoptera, Diptera, Coleoptera, Lepidopte* 
Neuroptera, Hymenoptera, Pisces, Amphibia, Beptilia, Aves, Mam m alia, and Man. 

Subscribers' names only are asked for now. The sending of these will not hivdveitfj 
pecuniary liabiUty, but will simply be taken as implying that the senders take an in**** 
in the work, and will ph>bably undertake to subscribe when asked to do so. 
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1824. 

I, John. 'Re^^iini from' Mem, Pha,8oc,, Manchester: Read Feb. 9, 1821. (ra,) 

2) In 1801 I first announced the notion of an aqneons vapour atmosphere 
•om the general atmosphere. If this idea bo true, there should be a decrease 
■f in ascending in a geometrical progression to increments of height in arith- 
•ogression. I have tested this idea on Helvellyn and other heights by measTiring 
the dew point by means of cold water poured into a glass tumbler, or where 
\ wanting, by means of pounded nitre and sal-ammoniac, or by means of snow. 
) [He gives a large number of observations which are of local importance only.] 
usions are. 1. That the quantity and density of vapour is constantly (or with 
exceptions) less the higher we ascend. 2. That wherever a dense cloud or fog 
ire the temperature of the air and the dew point are the same. 3. That when 
in is wholly or in great part enveloped in fog there is little variation in ascending 
the temperature of the air or in the dew point. 4. That on the average the dew 
ks 1° for every 100 yards of ascent. 5. That the phenomena of aqueous 
such as rain, fog, dew, etc., depend upon the known relations of heat and water, 
y appears to be a consequent rather than an agent in the formation and decom- 
) position of clouds. As the dew point and temperature of the air approximate 
rtion as we ascend, at some height they must become the same ; and hence tho 
y the upper regions of the atmosphere are so frequently clouded ; also why the 
mmits of mountains are generally moist. The following represents the drying 
the air according as its temperature is above that of the dew point. 



2? 


4° 


6° 


8° 


10° 


12° 


14° 


16° 


18° 


20° 


8 


16 


24 


32 


41 


51 


63 


74 


86 


98 


9 


17 


26 


37 


48 


61 


72 


85 


99 


114 


10 


22 


33 


45 


57 


71 


85 


100 


117 


135 


12 


24 


37 


51 


66 


81 


99 


117 


135 


154 


14 


28 


43 


60 


78 


96 


115 


135 


155 


178 


16 


33 


51 


69 


88 


109 


131 


155 


181 


209 


18 


37 


57 


77 


100 


126 


153 


182 


213 


244 



1827. 

Daniell, J. P. {B. 1827. 1.) 

119.) At about 9890 feet. [Ist ed. has 9840.] 
164.) .149 [in second col. is a misprint for .140]. 
176.) .00725 [not .00720 as in 1st ed.]. 

177.) [The table as given differs materially from that in 1st ed. in the way 
I below, the differences only being given.] 
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l8t col. 2nd col. 3rd c6l. 4tb col. 6th ool. 

[All- for + +.0227 [This col. 1.0703 

1 down to 31.] [and + is is unaltered.] 1.0679 

2 substituted for 1.0655 

3 -alldownthe 1.0631 

4 column.] 1.0607 

5 1.0583 

6 1.0559 

7 .00298 1.0536 

8 .00308 1.0512 

9 .00318 1.0489 

10 .00328 1.0466 

11 .00344 1.0442 

12 .00358 1.0419 
(PagellS.) 13 .00372 1.0396 

14 .00385 1.0373 

15 .00398 1.0350 

16 .00412 1.0327 

17 .00425 1.0304 

18 • .00439 1.0282 

19 .00452 1.0260 

20 .00469 1.0239 

21 .00489 1.0215 

22 .00509 1.0194 

23 .00529 1.0171 

24 .00549 1.0148 

25 .00570 1.0125 

26 .00590 1.0104 

27 .00610 1.0082 

28 .00631 1.0061 

29 .00651 1.0041 

30 .00671 1.0017 

31 .00698 .9995 

32 .00725 .9973 

33 [All + instead .00752 .9952 

34 of -from 33 .00779 .9927 

35 to 90.] .00806 .9909 

36 .00834 .9887 

37 .00864 .9867 

38 .00889 .9846 
(Pa^e 179.) 39 .00915 .9824 

40 .00942 .9804 

41 .00983 .9783 

42 .01024 .9761 

43 .01064 .9741 

44 .02499 .01105 .9720 

45 .01146 .9699 

46 .01187 .9679 

47 .01228 .9658 

48 .01269 .9636 

49 .01310 .9616 

50 .01351 .9596 

51 .01399 .9575 

52 .01447 .9555 

53 .01502 .9535 
.•)4 .01557 .9514 

55 .01612 .9494 

56 .01667 .9474 

57 .01723 .9453 

58 .01784 .9433 

59 .01843 .9414 

60 .01902 .9394 

61 .01961 .9374 

62 .02020 .9354 

63 .02093 .9334 

64 .02166 .9314 
{PagelBO.) 65 .02239 .9274 
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3rd col. 


4ihcol. 


6th col. 


.02312 




.92 [Type damaged. 
See 1845 ed., vol. ii. p. 43.J 
. 92 5 [type damaged' 
.9235 


.02386 
.02466 




.02546 




.9216 


.02634 




.9196 


.02725 




.9177 


.02817 




.9157 


.02912 




.9137 


.03011 




.9117 


.03114 




.9098 


.03221 




.9079 


.03327 




• .9059 


.03438 




.9039 


.03548 




.9020 


.03663 




.9001 


.03781 




.8982 


.03903 


• 


.8962 


.04029 




.8943 


.04159 




.8924 


.04293 




.8905 


.04431 




.8885 


.04573 




.8867 


.04716 




.8847 


.04858 




• 882H 


.05005 




.8809 



1st ool. 3Dd col. 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 .08958 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

je 181.) To find the specific gravity of any mixture of air and aqueona vapour by 
of this table, proceed thus. Note the temperature and the point of condensation 
hygrometer ; if they coincide, that is to say, if the air be in a state of saturation, 
II find the specific gravity required in the fifth column opposite to the proper 
3f heat in the first column. If the point of condensation be below the temperature. 
It look for the alteration of volume due to the heat in the second column, and for 
ansion due to the vapour in the third column. Add these together if they have 
ns ; or subtract one from the other if they have different signs. As the volume 
d by this quantity is to the original volume, so is the standard specific gravity 
specific gravity as affected by the expansion or contraction. To this must bo 
he increase of weight due to the vapour in the fourth column, and the result will 
orrect specific gravity sought. For example, if you wish to know the specific 
of a mixture of air and vapour of the temperature of 60° and of which the dew 
40°, we find in the second column opposite to 60° the number +.05833, and 
bird column opposite to 40° we have +.00942 ; the sum of which is +.06775 ; 
e 1.06715 : 1 : : 1 : .93659. In the fourth column opposite 40° we find + .00580, 
359 + .00580=. 94239 which is the correct specific gravity under the assumed 
tanccs. Something appears to be still wanting to complete the investigations 

89) of De Luc, De Saussure and Dalton, and to follow up the results to their 
3 consequences. It is a well known fact that water under all circumstances is 

90) endued with the power of emitting vapour of an elastic force proportioned 
mperature. It is also well understood that the gaseous atmosphere of the earth 
degree opposes the difiusion, and retards the formation of this vapour not by its 

3r pressure, but by its vis inertia;. It may facilitate the comprehension of the 
to distinguish three cases with regard to the evaporating fluid : the first, when 
perature is at the boiling point; the second, when it is below the boiling 
>ut above that of the surrounding air; the third, when it is below that 
atmosphere. The first does not bear upon the subject in hand. In the 
491) second case the exhalation is proportionate to the difiference of tern- 
I. The gaseous fluid in contact with the surface becomes lighter by the 
ion of portions of the excess of heat, and rising up carries with it ia 

u 2 ^n^ 
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its ascent the entangled steam. This is precipitated, and in the form of cloud 
is exposed to the third species of evaporation. This process is not only proportional 
to the difiference of temperature and the elasticity of the vapour, hut is also governed by 
the motion of the air. A current of wind tends to keep up that inequality of heat on 
which it depends, and prevents that equalization which would gradually take place in a 
stagnant air. Such is the evaporation which often takes place in this climate in autumn 
from rivers, lakes, and seas, and which is indicated by the fogs and mists which hang 
over their surfaces. It is, however, the third modification which is the most interesting 
in the point of view which I have suggested. When the temperature of water is below 
that of the atmosphere it still exhales steam from its surface, but in this case the 
(Page 492) vapour, neither having the force necessary to displace the gaseous fluid, nor 
heat enough to cause a circulation which would raise it in its course, is obliged to filter 
its way slowly through its interstices, and the nature of the resistance it meets with is 
the first object of investigation. The force of vapour at different temperatures has 
been determined with great accuracy, and the amount of evaporation has been shown to 
be, cceteris paribus, always in direct proportion to this force. The quantity is abo 
known to depend upon the atmospheric pressure, but I know of no experiments which 
establish the exact relation between the two points. I attempted to elucidate the point 
as follows, viz., by enclosing in a glass receiver upon the plate of the air pump a vessel 
with sulphuric acid and another with water ; and by properly adjusting the surface of 
the two it is easy to maintain, in the included atmosphere of permanently elastic floid, 
an atmosphere of vapour of any required force ; or in the usual way of expressing the 
same fact, the air may be kept at any required degree of dryness. The density of air in 
such an arrangement may of course be varied and measured at pleasure. Now there 
are three ways of estimating the progress of evaporation in such an atmosphere: the 
first and most direct is to weigh the loss sustained by the water in a given time; the 
second, to measure by a thermometer the depression of temperature of an evaporating 
surface ; and the third, to ascertain the dew point by means of the hygrometer. 
{Page 493) [Experiment 1 showed that water at 56° and 58° over sulphuric acid in an 
air pump receiver could not maintain an atmosphere of vapour of elasticity .068 in., no 
dew being deposited at 26° nor at 0°. This degree of dryness is less than 129 ; satnra- 
{Page 494) tion being 1000. The air was equally dry in the most highly rarefied air 
obtained, as shown in experiment 2.] Experiment 3. With the temperature at 4o 
and the height of the barometer 30.4 in., the water lost by evaporation 1.24 grain in 
{Page 495) half an hour. It was replaced and the air rarefied to 15.2 in. ; in half »n 
hour at 43°, the loss was 2.72 grains. The loss from evaporation in equal iDterral^ 
with a pressure constantly diminishing one half, was found to be as follows : — 



Pressure. 


Temperature at 




Loss in 




Beg. 


End. 


grains. 


30.4 in. 


45° 


45<> 


1.24 


15.2 


45 


43 


2.87 


7.6 


45 


43 


5.49 


3.8 


45 


43 


8.80 


1.9 


45 


41 


14.80 


.95 


44 


37 


24.16 


.47 


45 


31 


39.40 



When the exhaustion was pushed to the utmost the gauge stood at 0.07, and ti» 
evaporation in the half-hour was 87.22 grains. Now, before we infer from these ex- j 
penmen ts the state of evaporation from different degrees of atmospheric pressure, '* ■* j 
necessary to apply a correction for the variation of temperature. The quantity « j 
evaporation having been determined to be in exact proportion to the elasticity of tbJ i 
vapour, we must estimate the latter from the mean of the temperatures before and aft* ; 
the experiments, and calculate the amount for any fixed temperature accordiugly ; hot 
{Page 496) as the thermometer was in the water it would not give the coirect temper*- 
280 



FEOUS VAPOUR 1827. DanielL NOTES. 

f the surface. The following tahle presents us with the former results so corrected 
B temperature of 45° : — 

pressure. Grains. 

30.4 in. 1.24 

15.2 2.97 

7.6 5.68 

3.8 9.12 

1.9 15.92 
.95 29.33 
.47 50.74 
.07 112.32 

thstanding the slight irregularity of the above series, we can, I think, run no 
I drawing from it the conclusion that the amount of evaporation is, cceteris paribus, 
ct inverse proportion to the elasticity of the incumbent air ; and that De Saussure 
iisled by his hygrometer when he inferred from its indications that a diminution 
i-third the density doubled the rate. There is an apparent discrepancy between 
q's results and mine under the full atmospheric pressure. He found it to be 
grains per minute from a vessel 6 in. in diameter at 45° ; this would give 7.65 
1 in half an hour from the glass of 2.7 in. diameter. Dalton*s experiments were, 
; 497) however, made at a temperature above that of the surrounding medium, 
L caused a current in the latter which greatly accelerated the process. Dalton 

that a strong wind would double the evaporating effect. Experiment 4. This 
itended to determine whether the elasticity of the vapour varied with the pressure, 
ulphuric acid was placed in a vessel 2.8 in. in diameter. The temperature of the 

and air was 52°, and the height of the barometer 29.8. The following table 
I the dew point which was obtained at intervals of half an hour at different degrees 
Qospheric pressure: — 



Bar. 


Temp, of water 
and air. 


Dewp< 


29.8 in. 


520 


36«> 


14.9 


53 


37 


7.45 


52 


35 


3.72 


53 


36 


1.86 


52 


34 


.93 


52 


36 


.15 


52 


36 



lifferences are so small that we may regard them as errors of observation, and con- 
that the elasticity of vapour given off by water of the same temperature is not 
need by differences of atmospheric pressure. The equal surfaces of sulphuric acid 
rater here made use of maintained at 52° a degree of saturation equal to 570. At 
; 499) 61° the amount of saturation was 651 ; an increase evidently dependent 
the force of the vapour, but not in exact proportion to its augmentation. Experi- 
5. I next tried in what degree the temperature of an evaporating surface would 
ifluenced by differences in the density of the air by means of the following 
atus. To a brass wire sliding through a collar of leathers, in a ground-glass plate, 
u:hed a very delicate mercurial thermometer ; this was fixed air-tight upon the 
' a large glass receiver, which covered a surface of sulphuric acid of nearly equal 
isions with its base. Upon a tripod of glass standing in the acid was placed a vessel 
ining a little water into which the thermometer could be dipped and withdrawn by 
s of the sliding wire. The bulb of the thermometer was covered with filtering 
. At the commencement of the experiment the barometer was at 30.2 in., and 
imperature of the air at 50^. Upon withdrawing the thermometer from the water 
an to fall very rapidly, and in a few minutes reached its maximum of depression, 
ollowing table presents the results of the experiments for different degrees of the 
tensity ; the intervals were each of twenty minutes : — 
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Bar. Tempenitare of IMff. 

Air. Wet therm. 

30.2 in. 50° 41° 9 

15.1 49 37 12 

7.5 49 34 15 

3.7 49.5 31.5 18 

iPage 500.) 1.8 49.5 28.5 21 

.9 49 24.5 24.5 

.4 49 23 26 

In the case of the first the 9^ was produced in ten minutes, and the water evapcxated 
from the thermometer not more than j^th of a grain. The depression increaaed with 
the rarefaction of the air in the proportion of an arithmetical progression to a geometrical 
one. The increase is attrihutahle^ not to the augmented quantity of the evi^MxatioDy 
but to the decreased heating power of the atmosphere. We may conclude tha( the 
(^Page 501) temperature of an evaporating surface is not affected by the mere quanti^of 
evaporation. These few simple facts appear to be intimately connected with the 
solution of some very important atmospherical phenomena. The aqueous fluid is so 
abundantly spread over the face of the earth that there can be no doubt that the 
permanently elastic atmosphere which surrounds it would very speedily be satQiated 
with its steam, did not some cause, analogous to the sulphuric acid in the reodvff, 
prevent its universal diffusion. This never-failing cause is inequality of tempeERtme. 
As in the smaller experiment we found that the degree of dryness was proportiooAl to 
the energy of the absorbent mass, and that the existing vapour was equally difiuied 
between it and the exhaling surface, so, in the larger operation of nature, we ahall find 
that the state of saturation is dependent upon the point of predptatioD, and that tha 
(Page 502) aqueous vapour is nearly uniform between it and the source of steam. 
Now it is well imderstood that the temperature of the gaseous atmosphere in iti 
natural state must decrease with its density as we ascend to its upper parts; so that a 
great degree of cold is at all times to be found within a very moderate distance from 
the surface of the waters. It is this low tension which determines the tension of the 
aqueous vapour ; and it is evident that the evaporation which is thus caused at the 
base of the aerial fluid, must be accompanied by a simultaneous and equal precipitadoo 
above. What then becomes of the precipitated moisture ? Let us endeavour to tiaoB 
the order of this phenomenon. We will first suppose a calm state of the atmosphere, a 
temperature of 80°, and a barometer at 30 in. at the surface of the earth. By a caha 
state of the atmosphere is here meant one that is free from any lateral wind, and in 
which, the only currents being in an ascending and descending direction, evapontka 
would proceed at the rate exhibited in the first column of Dalton's table. The d0V 
point at the surface of the earth is 64°, and this is determined by the temperatoraat • 
the height of about 5000 feet, where the barometric column would maintain itadf it 
24 in. The degree of saturation would therefore be 600, and the amount of evapaii*i« 
1*74 grain per minute from a surface of 6 in. in diameter. This quantity we thenfiofe 
suppose condensed at the height above named. But the state of saturation in the 
{Page 503) atmosphere above this point of precipitation is again diminished: for «• 
may suppose the force of the vapour to be determined by a temperature of 31** at a heigkt 
of 15,000 feet, where the barometer would stand at about 16 in. The force of evapoiatiot 
would therefore be 1*71 grain per minute at the full atmospheric pressure; and thii 
amount increasing as the pressure diminishes would give 2'13 grains i)er minute : s) 
that the power of evaporation at this stage exceeds the supply of moisture, and no dood 
could possibly be formed. Above the second point of condensation let us now snjfoae < 
the force of vapour to be determined in still loftier regions by a temperature of 1* . | 
The force of evaporation would then be 0.44 grain increased in the proportifln of 
16 in. to 30 in. or 0.82 grain. Here then the power of evaporation would be in* 
sufScient to diffuse in the upper regions the whole of the moisture supplied from the 
8ur£EU^ of the earth, and a cloud, it might be supposed, must consequently reeolt 
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; another modification of the process now ensues : the precipitated moisture has a 
iency to £Bdl hack into the warm air helow it, and consequently would assume the 
(tic form with a rapidity proportioned to the rare£Etction of the stratum in which it is 
iised. There is I think no difiSculty in supposing that no visihle cloud, or one of 
reme tenuity, would he formed during this double process of evaporation. A very 
)OTtant reaction, however, must take place upon the strata of vapour beneath ; the 
(tic force being increased above enables the water below to maintain an atmosphere 
ige 504) of a higher degree, and the quantity of evaporation must decrease] as the 
3t of saturation rises. A different arrangement of the points of precipitation would 
ae in the progress of these effects. An important distinction must here be drawn 
ween the ultimate effects of the superior and inferior evaporation denoted above, 
the first the whole weight of water is condensed and simultaneously exhaled, 

although it constitutes steam of an inferior degree of force, there is little or no 
sranoe in the quantity of its latent heat and no effect is produced upon the tempera- 
) of that portion of the atmosphere in which the change takes place. But in the 
nd the condensation happens at one spot and the vaporization at another inferior to 
the latent heat is therefore evolved at the former and communicated to the air, 
le at the latter this process is reversed and the air is cooled. The process 
his operation would therefore tend to equalize the temperature. We will next 
gine that the surface of the earth is swept by a high wind, and that the atmosphere, 
ead of resting calmly upon its base, moves laterally with great velocity. Under 
le circumstances experience has shown that the amount of evaporation will be 
rly doubled ; but the force of evaporation is not altered in the upper regions. The 
nor, exhaling surface being immovable, the motion of the an: perpetually changes 

renews the point of contact, and prevents accumulation at any one place ; but in 

heights of the atmosphere the exhaling surface of the clouds is borne upon the 
id and their relative situations never change. The progress of precipitations must, 
ige 506) therefore, necessarily, under the circumstances, outstrip that of evaporation, 
: the disturbance of the atmospheric temperature will be greatly accelerated. There 
iiother cause which would also quicken evaporation below without equally increasing 
power of diffusion at any given height above ; and that is a decrease in the density 
he air at the surface of the earth. Under the circumstance of our first supposition, 
igine the barometer to fall to 28 in., the evaporation would be increased from 1.74 
in to 1.86 grain per minute ; but this decline of 2 in. at the surface would indicate 
dDtempoTaneous fall of little more than 1 in. at the height of 15,000 feet, and the 
I of diffusion would vary accordingly. When it is considered that great falls of the 
smeter are generally accompanied by high winds, and that this disparity is multi- 
d by the force of the current, it is easy to appreciate the influence of this local 
ease of the power of evaporation. The facility of evaporation in the rarer regions of 
atmosphere will also go far to account for the state of saturation in which the air of 
mtainods regions is generally found, and many minor meteorological phenomena 
ht probably meet with their explanation from variation of the same cause : such as 

fogs which frequently accompany a very high degree of atmospheric pressure, and 
^ 506) that peculiar transparency which often precedes rain, and is accompanied by 
lling Ixm)meter. These ideas are supported by De Luc's accurate observations, 
first sight we might ^regard mountain fogs as permanent ; that the evaporation has 
ibed its maximum owing to the air being saturated ; and that the vesicles of vapour 
lain for weeks or months. But the real State of things is quite different : evaporation 
1 continues from the surface of water, the vaporous vesicles are constantly rising 
ige ?iffl) and evaporation is reassumed on the surface of the fog. It is an interesting 
L instructive sight to see such a surface below one in a valley, and in the distance the 
>wn sbpes of a mountain. Such a valley, when lighted up by the sun, seems to be 
«d with cotton drawn out into myriads of threads, protuberances appear everywhere, 
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as though a spinner was drawing threads from the mass, and they disappear in suooMon 
as thoy dissipate into the air. Occasionally these protuberances are elongated and 
detached from the main mass as they rise ; we then see it like a film of gauze, which 
gradually vanishes. Fogs then are constantly being formed on the ground and as 
constantly being dispersed in the air, and yet there is no increase of humidity (Id^es, xL 
p. 78). Since I have changed my opinions as to the cause of rain, I have constantly 
watched the clouds, and readily perceived that they may enlarge, even while in prooest 
of evaporation. If one gazes on their scooped edges, which present such a variety of 
shapes against the clear blue sky, it often happens that the part on which we fix our 
(P<ige 508) attention vanishes in ntu ; often we see it extend while the cloud has 
shown no apparent movement, nor decrease of size. Somietimes while we see one peoe 
disappear, others may be seen in process of formation, producing festoons, which incretie 
the size of the cloud ; at other times the cloud is lessened, and then all its fostooos 
vanish ; we perceive that at the same time the cloud thins and totally disaj^KUS. 
Hence I am inclined to believe that there is in the air a general source of vapour; thit 
these vapours are produced at the place where the cloud is formed ; that it is by 
the persistency of this vapour production that clouds are sustained, and even grow in 
size in spite of the continuance of evaporation, and that their disappearance is doe to 
the rate of evaporation exceeding that of supply (tome xi. p. 117). It has been Slid 
that vapour condensation would supply but a trifling amount of heat, but the evolotion 
{P<ige 509) of caloric is by no means so small as supposed. The condensatio& of i 
pound of steam would raise the temperature of 3567 cubic feet of air 10^. The water 
which falls represents only a portion of the condensation which occurs in the air. 
Looking at this, we shall perhaps have a juster notion of the prodigious power of atmo- 
spheric vapour. 

[The following remarks down to p. 530 are from a paper read to the Hort Socoo 
Aug. 17, 1824.] 

(Page 513.) The changes of moisture extend from 1.000 [corrected to 1000 in the 
1845 ed.] or saturation to 389. The amount of evaporation from the soil, and of exhala- 
(Page 514) tion from the foliage of the vegetable kingdom, depends upon two dieom- 
stances : the saturation of the air with moisture, and the velocity of its motion. They 
are in inverse proix)rtion to the former and in direct proportion to the latter. The 
horticulturist cannot control the saturation, but he has some command over the velodtj* 
He can break the force of the blast by screens, or may find natural shelter in situatioDS 
on hill-slopes. Excessive exhalation is very injurious to many of the processes of vegetir 
tion, and no small proportion of what is commonly called blight may be attribatad to 
this cause. Evaporation increases in a prodigiously rapid ratio with the velocity of 
the wind, and anything which retards the motion of the latter is very efficacioQi i» 
diminishing the amount of the former, the same surface which in a calm state of the 
air would exhale 100 parts of moisture would yield 125 in a moderate breeze, and 150 
in a high wind. The dryness of the air in spring renders the efifect most injnnoQi 
(Page 515) to the tender shoots of this season of the year, and the easterly windi 
especially are most to be opposed in their course. The moisture of the air flowbg fro© 
any point between N.E. and S.E. inclusive, is to that of the air from the other qnartea 
of the compass in the proportion of 814 to 907 upon an average of the whole year, and 
it is no uncommon thing in spring for the dew point to be more than 20° below the 
temperature of the atmosphere in the shade, and I have even seen the difierenoe amount 
to 30°. [His observations were in all probability made in England and near London.] 
The effect of such a degree of dryness is parching in the extreme, and if accompanied 
with wind is destructive to the blossoms of tender plants. Hence screens to the K 
and E. are protective to plants. The south aspect of walls has an exalted tempeiatur^ 
but the air is extremely dry. This would cause such an exhalation from the blossoms 
of tender fruit-trees as to be detrimental to them. Such plants should perhaps be 
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^Pa^ 516) partially shaded. In May I have seen the thermometer in sun at 101% 
ind the dew point at 34° ; this gives a dryness of 120. The shelter of a mat woald 
>fieD suffice to prevent injury. Some of the present practices of gardening are founded 
apon experience of similar effects ; and it is well known that cuttings of plants succeed 
beat in a border with a northern aspect protected from the wind ; or if otherwise situated 
they require to be screened from the force of the noonday sun. If these precautions be 
unattended to they speedily droop and die. For the same reason the autumn is selected 
for placing them in the ground as well as for transplanting trees ; the atmosphere at 
that season being saturated with moisture is not found to exhaust the plant before it 
has become rooted in the soiL Over the absolute state of vapour in the air we are 
wholly powerless ; and by no system of watering can we afifect the dew point in the 
finpe atmosphere. This is determined in the upper regions. It is well known to 
(Po^e 519) gardeners that less dew is formed under a tree or hedge than in places which 
are wholly exposed. To vegetation growing in the climates for which they were origi- 
{Page 520) nally designed by nature, there can be no doubt that the action of radiation is 
particularly beneficial from the deposition of moisture which it determines upon their 
foliage. But to tender plants the extra cold may be highly prejudiciaL It also appears 
probaUe from observations that the intensity of the action increases with the distance 
from the equator to the poles ; as the lowest depression of the thermometer which has 
been registered between the tropics from this cause is 12% whereas in the latitude of 
(Poffe 522) London it not unfrequently amounts to 17% In the hothouse the plants 
(Page 524) are natives of torrid places having hot and very vaporous atmospheres. 
Oiptain Sabine found it to be between about 730 and upwards. In hothouses the 
(Page 530) d^ree of moisture often falls short of 500. The dry air often induces 
(Page 561) excessive evaporation in plants, which injures them. That part of the Con- 
tinent of Europe over which our observations [on the barometer] extend, lies about 
midway in the course of the antagonist currents in the atmosphere ; which from the 
distribution of the temperature of the globe must, in an undisturbed state of a gaseous 
fluid, flow between the poles and the equator. The whole line of its northern extremity, 
liowever, is bounded by the ocean, the evaporation from which must constantly disturb 
that.r^^ular progression of temperature upon which the balance of the two streams 
depends. It is by the heat evolved from the condensation of the rising vapour in the 
'^^fer regions, and by the cold communicated by its rapid re-evaporation that such 
inequalities are produced. The actions and consequent reactions produced by these 
imgolarities we find constantly communicated from the north, where they originate in a 
i^Page 562) decreasing degree, to the south. The northern ocean is exactly situated in 
the best position with regard to the Continent of Europe for producing powerful efiects ; 
by its means the warm waters of the Atlantic are brought into contact with the cold 
winds and ice of the Arctic regions. In such a combination of circumstances evapora- 
tion and condensation must reach the most violent extremes, particularly in the spring 
and autumn of the year. The precession of the western before the eastern curves [of 
(Page 563) the barometric condition] may be explained by the situation of the immense 
letervoir of vapour which is continually rising from the Atlantic Ocean ; this when 
wafted by the currents to the northern shores of Europe can only progressively exert 
its influence along the successive meridians. Captain Basil Hall has favoured me 
(.Page 593) with an illustration of the fact that the vapour of the atmosphere is 
ammged in beds of equal density from observations made by him on the ^peak of 
TreuerifTe. 

(Page 596.) Elastic force of aqueous vapour calculated by Galbraith, 0° — 124° F. 
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1832. 

HUhouBe, William. (^.1832,2.) 

(Page 241.) The evaporation in the neighbourhood of the line being sapposed ten times 
greater than near the poles, the rains are in proportion much more heavy and freqnoit 
(Page 242.) Woody countries are always the most humid. 

1833. • 
Aixi8Worth« W. (^.1883,1.) 

(Page 213.) During Captain Beechey*s expedition observations^ were made on the 
humidity of tiie air in different parallels. 

1834. 

Ainsworth, William. (B. 1834» 1.) 

(Page 71.) The diaphanous character of the air (Humboldt) at once increases the 
ra^tion of the plains and the power of transmission of the radiated heat. Jaoqoeoxmt 
attributed the inequality in the height of the snow line on the two sides of the Himmi- 
layeh to the serenity of the plains of Ladauk and the foggy climate that reigDS 
in the Hindoostan side. 

CampbolL (P. 1834,2.) 

(Page 148.) At Melville Isle [off N. Australia], when theN.W. monsoon tennxnstesia 
April the sky becomes clear, the air dries, while the rain ceases. During the dry fleason 
(Page 149) there are frequent heavy dews at night. 

Jackson, J. B. (B. 1834, 3.) 

(Page 84.) What is a fog, a haze, a thick atmosphere ? The transparency of the air 
is relative till its measure be determined, and that in a manner not depeudent on tbe 
greater or less perfection of the observer's sight. In making observations of evaporadoa 
(Page 235) the same hours should be kept in order that the reference may always be to 
the same twenty-four hours. Particulars should be entered of the appearance of cbodfl. 
(Page 237) In the case of evaporation the sum of the quantities should be given. 

Parish, Woodbine. {B, 1834, 4.) 

(Page 95.) In East Falkland Island fogs are frequent, especially in autunmand^riagy 
but they usually dissipate towards noon. 

1835. 

Committee of the S. Afidcan Ijit. & FhiL Institution. Joum. Boy, 6eog. 8oc^ 

vol. V. (1835). (rrp.) 

(Page 376.) The best measure of the momentary evaporative power of the dr seems to 
be the depression of the wetted thermometer below the dry one. But the actual eTspoia- 
tion from a given surface is quite another thing, and a question may be raised how far 
any useful approximation to a knowledge of the total evaporation from an extenaire and 
(Page 377) diversified surface UDcqually moistened and variously exposed to the aunt 
defended by clouds or refreshed by dews, can be obtained by any small or local experi- 
ments. In hot arid climates the effects of copious dews must be separated from that 
of rain. Attention to the amount of dew is very necessary, not only because the 
meteorological questions involved are of a high degree of interest generally, but becaosa 
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arid climates the dews are of almost as much importaDce to the maintenance of 
?age 378) vegetation as the rain. In connection with wind it is important to observe the 
omection of cloudy weather with the quarter from which the wind blows, or has blown 
r some time previous, and the usual character of the winds as to moisture or dryness. 
I describing the state of the sky as to clouds, etc, the observer will bear in mind that it is 
ily in that region of the sky which is vertically above him that the true form and outlines 
' the cloud are exhibited, and the area they cover, as well as the intervals between them, 
stinctly seen. As they approach the horizon in any direction their extent is fore- 
lortened by perspective, their apparent magnitude diminished by distance, and their 
tervals covered in and hidden by their mutual interposition. In estimating, therefore, 
ce quantity of clouds in the sky, regard must be had to this, and our judgment should 
ther be formed on a view of the region extending from the zenith every way half 
)wn to the horizon than from the aspect of the heavens below that limit. It would be 
iter to notice both and to state separately the proportions in which each are covered, 
id the quarter of the horizon towards which the chief masses in the lower region lie. 
be general aspect of clouds should be noticed, and especially the height of the lower 
liaoes, or the level of the vapour planes should be estimated. In a mountainous region 
OS is easy so long as the vapour plane is below or not far above the summits of the 
Us ; and in such regions the formation and dissipation of clouds in the neighbourhood 
: the mountain summits under the influence of certain winds forms an interesting 
ndy. The formation of clouds at night under the influence of a gradually descending 
imperature is a point worthy of attention. It frequently happens that without any 
erceptible wind the sky will suddenly become hazy in some one point, and the haze 
oodensing and spreading in all directions without a wind, the whole heavens will 
Page 379) become overcast in a remarkably short time. The same thing will sometimes 
ccor nearly at the same hour for many nights in succession. The height and thickness 
)f the cloud-strata, their connection with cross or opposite currents of wind in the r^ons 
vbere they subsist, and the laws of their formation and intermixture, deserve to be 
(tndied with care ; and with reference to the hygrometric state of the air at the time 
lod place, and for several hours before and after. 

Coulter, Dr. Jaum, Boy. Chog. Soe,^ vol. v. (1^35.) (trp.) 

(Page 69.) The air about Aqua Sola, California, Is excessively dry. The severe cold 
«It in some places must be attributed to this extreme dryness. The great heat expe- 
ienced at Aqua Sola, 140^F., is in part to be explained by the excessively dry air. On 
ht table lands of Mexico the frequent occurrence of frosts is associated with a scarcity 
>f water. 

1836. 
Pita Boy, B. Joum. Bay. Qeog. flbc., voL vi. (1836.) (irp.) 

(P<tffe 334.) Clouds are sud to be attracted, if not partly caused, by land or by 
reea. Aa the low islands of the Dangerous Archipelago have no hill or height of any 
ind about which the clouds attracted by them can gather and discharge their contents, 
hether electrical or fluid, perhaps those clouds wanting a conductor di^haige them- 
dves insularly and in squalls. 

1837. 

Joum, Boy. Qeog. Soc., vol. vii. (1837.) (rvp.) 

[There is nothing in it for these notes.] 
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• 

1838. 

Page, E. Ij. Joum, Boy. Geog. Soe,, voL viiL ; (1838.) (rrp.) 

(Page 319.) At Gualan, June 1834, we were in the rainy season which lasts from 
April to November, and, although the mornings were fine, at 3 p.m. the clouds gathered 
on the wooded hills around, lightnings flashed and torrents of rain poured down for about 
three hours, when the sky cleared and all was bright and calm as a summer's evening in 
England. 

1839. 

Bicliardsoxi, Dr. Joum. Boy, Geog. Soe.y vol. iz. (1889.) (rr.) 

(Page 364.) The amount of terrestrial radiation is greatly influenced by the dea^ 
ness of the sky, and it was often remarked at Fort Enterprise that a clear sky soon after 
sunset was accompanied by a brilliant aurora borealis, and that this seldom continued 
beyond midnight, or one in the morning, when it was superseded by fleecy ddads, 
(Pa^e 365) ohficuring the blue sky. It often happened that shortly before sunrise the 
sky again cleared, and it was almost always much colder to the sensations at that time 
than at any other hour of the night 

Joum. Boy. Geog. jSoc., vol. x. (1840.) (rr.) 
[Nothing in it for these notes.] 

1841. 
Allen, Bird. Joum. Boy. Geog. 8oe.f voL xL (1841.) (rvp.) 
(Page 87.) On the Belize the long dry season commences in February. 

1842. 

Bacon, Dr. F. Joum. Boy. Geog. Soc., vol. xii. (1842.) (rv.) 

(Page 201.) About Cape Pal mas the dry season commonly includes less than three 
months in December, January, and February, a state of things strikingly different from 
the seven, eight or nine months' absolute drought so constant and regular in Senegambia 
and the adjacent coast. The peculiarity of the seasons here [about Cape Pahnas] 
(Page 202) furnishing an abundance of moisture throughout the greater part of the yetf, 
gives this country very eminent advantages for the production of rice ; which, as iswefl 
known, in almost every other part of the world — as in Carolina, India, China, etc— i* 
confined to low grounds, liable to regular inundation. This is also the case with the 
northern part of the rice-growing region of W. Africa, from the Gambia to Sierra I^one. 
But on the Grain and Ivory Coasts, the long and abundant rains furnish a bountifiil 
supply of water to the whole surface, high and low. Along the Gold Coast the period 
of the rainy season is about the same as that of the western region in the same ktitade, 
but the showers are light and short. This peculiarity of climate has its advantage for 
maize, which can hardly be ripened in a wet climate. On the windward coast it is 
plucked while green, as the wet season would seldom permit it to ripen. 

Kaxaozay, Count. Joum. Boy. Geog. Soc, vol. xii. (1842.) (rr.) 

(Page 45.) The signs which in Albania usually foretell the approach of the NA 
wind, called the Bora, are small dark clouds surrounding the summits of the mountains) 
and moving in different directions ; sometimes white clouds of a round form hover over 
the mountains, and the sea is very low. On the contrary, the scirocco, or scilocoo, a 
S.E. wind, causes the sea to run extremely high. Its approach is indicated by black 
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clouds covering the mountains, a higher rise of the sea, and an increased temperatare. 
The wind brings much rain. 



•o- 



Schomburgk, Bobert H. Joum, Boy. Oeog. Soe., toI. xii (1842.) (rv.) 

(Page 179.) It is well known to the agriculturists [of British Guiana] how 
beneficially the blocks of ferruginous clay operate on the soil on which they lie, 
contributing not only to the retention of moisture, which would otherwise evaporate, but 
to the precipitation of atmospheric vapours. 

1843. 
Schomburgk, Bobert H. Joum, Boy. (hog. 6oe., voL xiiL (1848.) (rvp.) 

{Page 25.) The mauritias grow only in moist soil or swamps, and when we failed 

to procure water by digging at the foot of their trunks, we knew that our search would 

prove hopeless anywhere else in the neighbourhood. In April, 1842, the wind near 

(Page 29) Bami-Kipang, in British Guiana, generally lulled towards sunset, but began 

to blow hurricane-like from the northern quarter towards 8 o'clock. I observed a 

black doud rise about that time on the southern hemisphere [=horizon], which, when 

it reached the altitude of about 25 degrees, expended [=expanded], and the strong breeze 

set in. May 13, 1842. Near the sources of the Takutu and Rupununi. The savan- 

{Page 68) nahs present ranges of hills, and the sight of mauritia palms gives hope of 

crater. In lieu of this, however, the ground under the mauritia is as dry as the 

Bunrounding savannah. 

1844. 

Baily, J. Joum. Boy. Geog. 8oc., vol. xiv. (1844.) (rv.) 

{Page 129.) Evaporation, according to various calculations, amounts upon an 
aTerage to about 39 in. per annum in intertropical climates. 

Christoplier, W. Joum. Boy. Geog. 8oe., vol. xiv. (1844.) (rv.) 

{Page 97.) On the Haines river, the driest season is in February and March. The 
rams commence towards July. 

1845. 
Daxiiell, J. F. Elements of Meteorology. 2 vols. 1845. {rvp.) 

(Vol, L Page xxxii.) Sir John Herschel, referring to Daniell's scientific labours, 
ays : " The continued generation of the aqueous atmosphere at the equator and its 
destruction in high latitudes, furnishes a motive power in meteorology whose 
modification and the mechanism through which it acts, have yet to be inquired 

into." 

(Page 26.) The spontaneous evaporation of water and the diffusion of steam through 
the air take place doubtless by the same process, and the independence of the aqueous 
jtmoBpbere is in fact proved by the invariableness of the depression of temperature 
prodooed by the evaporation from the surface of any moistened porous body in an 
atmosphera of any given degree of dryness. The amount of this depression depends 
solely upon the temperature and upon the dew point, and although the amount of 
evaporation in a given time is greatly afiected by the density and motion of the gaseous 
medium, the temperature of the evaporating surface and the tension of the rising vapour 
(Page 27) are governed entirely by the elastic force of the steam previously inter- 
sungled with it. [In this edition* is placed opposite the figures in table xxvii. as 
(Page 90) indicated in 1823 notes. 

• .673 * 67.9 

♦ .606 ♦ 64.4 ♦ 64.4 
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* Spring of the ' [are words added in this edition, at the passage indicated in notes 
1823 ed., p. 58.] 

' Re-evaporated ' [in place cf re-dissolved, in 1823 edition, p. 58.] 
(Page 95.) [Asterisks added to constituent temperature column of table on p. 62 
of 1823 edition opi)Osite 64-4, 12-8 and — 30-7.] 

* Steam ' [for stream, 1823 edition, p. 64]. 

(Page 97.) [* is added to 44.9 in sensible temperature column, and to 64.4 in con- 
stituent temperature column. See notes, 1823 edition, p. 64.] 

(Page 103.) [The decimal point is here prefixed to .368, .507 and .786, omitted in 
1823 edition, p. 71.] 

(Page 108.) « Elasticity ' [substituted for quantity, in 1823 edition, p. 75.] 

(Page 109.) « Elasticity of that ' [instead of weight in 1823 edition, p. 77], and 
compound [for natural, 1823 edition, p. 77.] 

{Page 110.) 'Deposition' [for decomposition in 1823 edition, p. 78], and 13500 
[for 3500 on same page.] 

(Page 113.) * ' [added in place indicated in notes, 1823, p. 80.] 

(Page 114.) [The following addition is made after ' mixed atmosphere.' See notes, 
1823, p. 82.] 

The elasticity of the vapour at the surface of the sphere is no guide to the mean 
pressure of the total aqueous atmosphere ; nor by deducting the amount of that elastie 
(Page 115) force from the total atmospheric pressure do we obtain, as has been supposed, 
the simple pressure of the dry gas ; for it must be remembered that from the difkicDoe 
of their specific gravities the principal effect of mixing vapour with an unoonfined diy 
gaseous atmosphere is the expansion of the latter, which, considered alone, like tbe 
expansion of heat in a column of air, will cause a different distribution of weight among 
its upper horizontal sections without proportionally distributing the total pressure at iti 
base. 

[Table xxxvi. is referred to. In the copy consulted by me it is placed opposite 
p. 115 of vol. ii.] 

(Page 116.) * Steam ' [for stream, in 1823 cd., p. 83]. 

(Page 118.) [Addition to 1823 edition, p. 84. In S. R. notes p. 248, the page 114 
was given by mistake for 118.] Neither must we here exclude from our consideration 
that vertical circulation of the air to which we have before referred as resulting from 
the ascent of the strata heated by the surface of the sphere and their descent after 
cooling in the upper regions. It is obvious how the evaporation must be thns ac- 
celerated and how the vapour formed in the hotter regions must be transported into the 
upper current and precipitated from it upon the colder latitudes of the sphere. Indeed 
there can be little doubt that tbe first admixture of the vapour itself with the lover 
stratum will give it a mechanical tendency to rise which will greatly assist the act of 
evaporation ; and there is reason to think that the amount of evaporation expflri* 
mentally determined by Dr. Dalton in calm weather greatly exceeds that which ivoald 
result in a confined atmosphere where this mechanical action would be impeded. 

(Page 133.) [Addition to 1823 ed. p. 94.] The comparative levity of the atxno- 
sphere of the southern hemisphere of our globe may probably be accounted for by the 
permanent expansion produced in it by the perpetual rise and precipitation of aqneoiii 
vapour from a surface almost covered with sea, and differing in this respect so 
materially from the corresponding dry latitudes of the northern hemisphere. 

(Page 159.) [Addition to 1823 ed., p. 118.] If there be one point of more interest 
and importance than another in meteorology it is certainly the perpetually vaiying 
£tate of the great ocean of aqueous vapour which permeates the gaseous atmospbcn; 
but it has hitherto been sadly neglected by observers, who, even in the few obserfataont 
which have been regularly made, have persevered in the use of imperfect instrnmenti 
when more perfect ones have been at command. We can nowhere find mean results 
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part of the globe comparable with those which we possess for temperature 
to test our theoretical conclusions ; but, still, experience as far as it has been 
confirms that general distribution of vapour which seemed legitimately to 
n our hypothesis. There cannot be a doubt that on the surface of the earth 
'el of the sea, the average elastic force and constituent temperature of the 
creases with the mean temperature, and in the immediate neighbourhood of the 
!w point may be reckoned as two or three degrees below it In the following 

be found the results of the most authentic observations which have been 
)) collected upon the subject. Table (xlv.) of the mean dew point and force of 

different latitudes on the level of the sea. 



Place. 

ntic between 
5. and 27<> 50' N. 
ulf of Guinea 

St. Thomas 
[)cean. Bombay 
tic. Madeira 
). London 

71° 20'— 73° 48 



Observer. 
Hon. Capt. Spencer 

Maj. Sabine 

Do. 

Sykes 

Heineker 

Daniell 

Parry 



Dew point. 
72© 

74° to 80° 

71 to 74 

73-76 

59.4 

44.5 

27.6 



Force. 
•773 in. mercury. 

.911 
.773 
.853 
.497 
.290 
.157 



uber, of Apenrade in Denmark, made observations at Apenrade every two 
a year from 7 a.m. to 11 P.v. The mean is .346 for the tension of the vapour, 
e several hours as follows (table xlvi.). 



tn. 


.319 


1 p.m. 


.374 


9 p.m. 


• 321 


n 


.343 


3 „ 


.372 


11 „ 


.391 p. 319] 


n 


.363 


5 „ 


.358 . 






r» 


.360 


7 „ 


.332 







;ans in table xlv. were based on observations for August and September, and 
greatly above the true annual average. 

161.) [Addition to 1823 ed., p. 118.] Saussure remarked that his hygro- 
r the surface of the earth proved the air to be removed 30 or 40 degrees from 
stturation when the presence of clouds in the upper sky demonstrated the 
imidity of that region. That philosopher often observ^ this phenomenon 
scended a mountain whose summit was enveloped in a cloud. On the other 
a frequently found that when mists covered the plains and a bright sun gilded 
it of the mountain the limit of extreme hiunidity was below, and air far 
rom saturation above. Bands of clouds he sometimes found to swim between 
air less humid than themselves. 
62.) Colonel Sabine [captain in 1823 ed., p. 119]. 

67.) [Addition to 1823 ed., p. 126.] The obvious general stratification 
lids can be accounted for upon no other principle than that of the sudden 
t of the dew point in the rise of dififerent beds of vapour under the control of 
1 progression of temperature of the gaseous atmosphere in which they are 
Had it not been for this provident adaptation of the two elastic fluids to 
, the atmosphere would necessarily have been at all times turbid throughout 
nth precipitating moisture ; but as it is, the clouds are confined to definite 
)recipitation. Nothing can be more interesting at times than to watch the 
( of those natural hygrometers of the heights above us, and to observe the 
itation of the moisture of the lower stratum of vapour carried by an almost 
iporation into vapour of a lower tension to still greater altitudes, again to be 
i, and again to be evaporated. When indeed the normal progression of tem- 
comes necessarily disturbed by the process which we are contemplating, then 
of air become turbid, the winds arise, and the rains descend, effect their bene- 
Nse, and in effecting it restore the more permanent order due to the gaseous 
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law. Mr. Green has Jound that the isothermal planes of the atmosphere are pa 
or nearly so, to the earth's surface; so that the aeronaut knows generally, 
though the earth may be intercepted by a cloud Pie means view of the earth], wl 
is crossing a chdn of hills, because the upper surface of the clouds generally follow 
great measure the configuration of the earth. The upper surface of the cloai 
(Page 168) occasions when they overspread the surface of the earth at a mo 
elevation, seems to accommodate itself to all the variations of form in the sul 

soiL 

(Page 178.) It is clear that we must seek for the origin of the greater 
(Page 179) tropical oscillations of the barometer in the irregular convection of he 
duoed by the formation and condensation of aqueous vapour. The bodily rise of 
(Page 199) column of heated air will tend to draw towards its base as to a cen 
air from all the surrounding districts ; and it will carry with it a sufficient cause 
continual expansion and ascent in the vapour with which it is mixed, and which, 
rapid precipitation, must give out its latent heat. During the blowing of a full b 
(Page 214) tan it has been found that salt of tartar (carbonate of potassa) whi 
imbibed moisture so as to run upon a tile, became perfectly dry upon two o: 
(Page 215) hours' exposure to the wind ; which fact indicates a dew ppint oonac 
below the one just mentioned [which was 32°]. Common experience has proved 
all countries the winds which have blown over large tracts of land are much dri( 
(Page 216) those which proceed from the sea. We have two natural hygrometc 
large scale, clouds and rain. Dr. Button's explanation of rain is generally ac 
He supposed it to result from the simple mingling together of great beds of 
(Page 217) unequal temperatures differently stored with moisture. " A volume 
of a given temperature can be charged with only a limited quantity of humidity, 
long as the temperature remains unchanged the moisture cannot be augmented, 
air cools it approaches to a state of saturation, and is disposed to part with somi 
humidity ; and on the contrary, when heat is gained at any time by it, the p( 
receiving more moisture is at the same time obtained, while the union of two v 
of unequal temperatures must chill the one and warm the other, the former wil 
some of its moisture and the latter will be disposed to receive it ; and had the < 
nature permitted these opposite conditions of humidity and temperature to be • 
balanced, the united volume might have preserved its moisture unchanged, 
portion of the vapour whatever have been rendered visible. The minglincj 
saturated volumes of air may result in a mean temperature, but a mean de 
moisture cannot result, but some quantity will be found beyond what the mes 
perature requires. This quantity, sometimes more and sometimes less, aocor 
the temperature of the mingling volumes, must be discharged in the shape of i 
the moisture which the air cannot support ought of necessity to descend. If 
saturated air of 40° and 60°, whose force of vapour would be .263 and JEdi 
mercury, the mixture will have a mean temperature of 50° The mean elast 
.393 in., but the elasticity of saturated air at 50° is .375 in., the difference .01 
the amount of moisture which must be precipitated." But upon close examinati 
will appear to be by no means a satisfactory explanation of the process of 
Indeed, every one may have an opportunity of observing that when vapour 
pressure is suddenly mixed with the atmosphere, it is very seldom precipitated 
form of rain. A copious cloud is indeed formed which speedily evaporates and v 
into thin air. The fact is that one most important part of the process has b 
out of consideration : namely, the enormous quantity of latent heat which is ii 
disengaged by the condensation. The cloud is no sooner formed than it is agaii 
(Page 219) rated ; the warmed air being prepared to support steam, not at ono 
full elastic force of the hottest volume of the mixture, but considerably high 
that of the coldest. By slow degrees enormous tracts of the atmosphere ha^ 
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tttenl progrenion of temperature thus subverted and raised, and are made to support 
mt beds of moisture far exceeding in amount what could exist in the normal state of 
,IIb permanent gases. Fresh stores pour in on every side ; the process goes on ; but the 
fioonteraction of the air against this coercion increases in energy ; the precipitating pro- 
Mi pievails, while evaporation becomes more languid ; the clouds increase slowly, 
ipfrach the earth, the different strata inosculate with each other, and at leugth descend 
in nin. The atmosphere gradually discharges its load as the natural progression is re- 
in such a saturated state of the atmosphere an artificial shower of rain may be 
by the escape of steam into the air, and occasionally under such circumstances 
tkamahing vapour from steam vessels is partly returned in large diops upon the deck. 
Ml Moock Mason has remarked that " whenever from a sky completely overcast with 
doada nin is falling, a similar range of clouds invariably exists at a certain elevation 
aboie ; and that, on the contrary, whenever, with the same apparent condition of the 
(jPa!9e 220) sky below, rain is altogether or generally about, a clear expanse of firma- 
with a sun unobstructed by clouds is the prevailing character of the space above.** 
tnmqxjrt and mixture of the vapour is partly effected by the convection of the air, 
'^ aid partly by its own diffusive energy. It is carried aloft by the horizontal winds from 
fte hot moist regions of the globe towards the colder dry regions, and it rises from the 
enponting surfiMes in those rotatory vertical motions which we have noticed as affect- 
tag the mixture of the hot and cold particles of the air. But besides these mechanical 
fnetmm, the process of diffusion by which it permeates the particles of air without dis- 
tariiDg their relative positions is perpetually and energetically acting to spread it from 
points of greatest to those of least tension, and thus tending to equalize its pressure. 
The attentive and systematic study of the clouds as they form, dissolve away, and 
nfinn in their great succeasive planes of precipitation, is one of extreme interest, and if 
pvperly followed up would explain much that is at present obscure in the process of 
v&bification. Their language is, however, very difficult to decipher from the difficulty 
<>f understanding the perspective of the ever changing masses. They are never at rest ; 
kt as they float upon the wind they may be observed to have proper motions of their 
Own, Different portions of their masses will be found to circulate, as the air, heated 
1^ the act of precipitation, rolls to mingle with the cooler masses with which it is in 
oontacib It la this rolling motion which gives the infinitely varied rounded contour to 
(Page 221) the cumulated heaps which appear fixed in the distance, but which a near 
lamination proves to be in a state of perpetual change. The process of diffusion is 
<lso distinctly marked by the fibrous streaks which may often be seen to shoot and 
expand from different centres before they have time to accumulate into the larger 
{Page 222} wreaths or denser rolling masses. The diffusive power of the vapour is 
iGmetimes attested even against the force of a gentle wind, and the dense fogs which 
infest the banks of Newfoundland are often observed to advance in a direction contrary 
to the breeze. The following passages [p. 506-508 of the 1827 ed.] from De Luc's 
works will afford a complete illustration of the preceding remarks. 

(Page 224.) The theory of solution will not explain this [i.e. tlio phenomena 

obsNTed by De Luc as given in the 1827 ed., p. 506-508] ; but the Daltouian theory 

of diffusion does. On the borders of the Orinoco, and during the rainy season, the 

(Page 228) clouds at first form and the rain is discharged only during the hottest hours 

of tiie day, and disappear at night But as the season advances, and especially during 

the time that the sun is in the zenith, both commence in the morning. Towards the end 

of the wet season they are again confined to the afternoon. It would appear that these 

vidleDi rains, so evidently connected with the rising temperature, as well as those which 

occur in the region of calms upon the broad oceans, depend upon the rising columns of 

rarefied air, which carry up with them in their ascent the highly clastic vapour of the 

hot latitudes. As they rise, the air assumes the equivalent temperature due to the 

elevations to which it ascends, which, falling rapidly below the constituent temperature 
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of the entangled steam, precipitates the excess in rain. The moisture is thus Tetnme 
nearly to the surface from which it rises. The rain in extratropioal regions gradosll 
loses its periodical character, and the maximum quantity no longer falls when the sani 
in the zenith, but rather in the winter months, when its influence is least, or on A 
decline. It proceeds principally from the vapour transported by the horizontEd cuirenl 
of the atmosphere, fed by the evaporation of the subjacent surface. In the temperal 
(^Page 229) climates, however, the quantity of vapour in the atmosphere in the differei 
seasons of the year (measured on the sur&ce of the earth and near the level of the sea 
follows the progress of the mean temperature. The elasticity of the aqueous atmospher 
(Page 231) in the temperate zones, on the surfeuse of the earth, separated from that o 
the aerial, generally exhibits directly opposite changes to the latter. Whenever th 
(Page 237) particles in the form of cloud, or fog, or condensing steam, are brought int 
contact with one another with mechanical force, as when they are carried by the wiD< 
(Page 238) against any obstacle, as a tree, a rock, or a building, they generally coalesce 
become too heavy to be buoyed up by the air, and commence a raidd descent in tb* 
form of rain. This is an observation which any one may make who will attend to th* 
phenomena of those dripping fogs with which our climate is sometimes infested [Hobbe 
in 1682 has somewhat the same idea]. Dove thus explains the cause of the horary osdl 
(Page 298) lations of the barometer. The pressure of the atmosphere on the baromete 
being the sum of the pressure of the dry air and the vapour of water, the baiometn 
column is, so to speak, of two parts : one corresponding to the air, the other to Hu 
vapour. Now when the temperature rises, the density of the air diniinishes, bat tbi 
tension of the vapour increases ; and it is not easy to determine the relatians wiad 
exist between the diurnal variations of the barometer and thermometer by taking aooouot 
of each of these two influences. To obtain this, Dove analyzed the obBervations made 
by Neuber at Apenrade, with one of Darnell's hygrometers, and having calculated the 
tension of vapour for each hour of the day, subtracted it from the barometric ooiiunii. 
(Page 299) He imagined that he thus obtained the pressure of the dry air alone, and oi 
which there was but one maximum and one minimum ; the former occurring aboat 
1 A.M., and the latter about 2 p.m. These he ascribes to the diurnal variations of tem- 
perature with the maximiun and minimum of which they are nearly coinddent^ Tbii 
single maximum and minimum are also augmented by the vapour of water that liaes 
during the day. In the morning, when the pressure of the dry air diminishes, not only 
does the tension of the vapour compensate this effect, but it makes the column rise; sod 
it attains its maximum when the pressure of the air begins to diminish. For the nine 
reason we find a minimum in the morning, because the diminution of the vsgaai 
during the night is more rapid than the increase of the pressure of the dry air (Eam^ 
Martin's ^translation). Now iwe have already shown that the total pressure d tie 
atmosphere of vapour upon the l^rometric column cannot be estimated by the tenaoa 
of the lower stratum, and that the deduction of its amount from the height of the 
mercurial column will not afford us the amount of the dry air. The law of theprogreB- 
eion of the elasticity of vapour mixed with an atmosphere of pas must be totally 
different from that of the gas itself ; and we have shown there is reason to suppose thit 
it is interstratified in beds of different degrees of force, each of which, in tiie act of 
diffusion, adds its different quota to the general pressure. Moreover, the results whiA 
(Pa^e 300) have been derived by Dove from one year's observations at Apenrade are 
not confirmed by observations made at other stations, and indeed, are directly opposed 
to them. Observations between the tropics, where the variations of the dew point are 
the smallest, and the amplitude of the horary oscillations the greatest, are wholly 
inconsistent with this view. 
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Vol. n. 1845. 

(Page 1.) • Liquentia ' [not linquentia as in 1823 edition, p. 139.] 
(Page 15.) • Physical ' [not chemical, as in 1823 edition, p. 152.] 
(Page 28.) • 3.87 and 8.04 ' [in place of 3.37 and 8.01 in 1823 edition, p. 164.] 
(Page 42.) [The table given at pp. 178-180, of the 1823 edition is modified in the 
1827 edition, as shown in the notes under (hat year. In this edition, it is nearly the 
same as in that of 1827 ; the alterations are indicated below. In col. 2, opposite 20° 
— .02500 is given in place of — .02475. 
(Page 43.) In 5th column we have 

65 .9295 

66 .9275 

67 .9255 

or the readings in the place where the copy of the 1827 edition was defective.] 

(Page 45.) The calculations on p. 181 of the 1823 and 1827 editions run thus in 
.his edition.] In the third column opposite to 40° we have .00942 ; and beside it in the 
oorth, .00580. Now .00942 — .00580 = .00362 ; which, subtracted from .94167 leaves 
93805 as the number sought. 

(Page 92.) Mason's form of dry and wet bulb thermometer is the most convenient 
idnd of hygrometer. Dr. Apjohn gives the circumstances imder which observations 
[Page 93) should be made. When in the moist bulb hygrometer the stationary heat 
ii attained, the heat which vapourizes the water is assumed to be necessarily equal 
to that which the air imparts in descending from the temperature of the atmosphere to 
that of the moistened bulb. It is also assumed that the air which has undergone this 
redaction becomes saturated with moisture. In calculating from these assumptions 
(Page 94) the weight of water which woiild be converted into vapour by the heat 
vluch a given weight of air would evolve in cooling from the temperature of the air to 
ibtt of the moistened bulb, it is not only necessary to know the tension of vapour for 
e?ery degree of the thermometer within the atmospheric range, but the specific heat of 
air must be taken into account as well as the latent heat of steam. In the formula the 
htent heat of steam is assumed to be 1129°, and the differences of the specific heats 
Q&der a constant volume are assumed to be proportional to the differences of pressure. 
Allow that these are sufficient approximations, there still remains an objection. It 
i&ight be that when the stationary temperature has been reached, the quantities of heat 
which it loses and gains in a given time, are perfectly equal, and that the heat lost is 
tttirdy employed in converting the water into vapour, but the whole of the acquired 
Ittt is not necessarily derived, though this is assumed to be the case, from the air 
(Page 95) cooled by contact with the bulb of the instrument. In fact, the hygrometer 
is in the predicament of a cool body plated in a warm medium, and it must consequently 
noeiTe from surrounding bodies a greater amount of heat than it imparts to them in 
virtue of the same process, and this will even vary with the state and colour of its sur- 
&ee. Dr. Apjohn acknowledges that this disregarded influence must be of sufficient 
BHgnitude to exert an appreciable influence, and regrets his inability to assign any 
laetDs of determining its amount. The scale is too small ; the readings should be made 
to one-tenths of a degree Fahr. The probable errors of observation bear a high propor- 
tion to the required result, particularly about 32°. An error in reading of i° at 32° 
•oold affect the observation with an error of Jjth of the whole amount ; at 80° the 
iuccnracy would amount to about 3 J^th. But there is a still more serious source of error, 
f Peltier is to be trusted. He has shown that from a surface charged with resinous 
Page 96) electricity, the process of evaporation in the atmosphere is more rapid than 
tnn the same surface in a neutral state. If this is the case, then the hypothesis that 
3ch process is wholly dependent upon calorific influence must lead to erroneous results ; 
id it is not at all improbable that in some such unappreciated influence the explanation 
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will be found of those negative results, in which the temperature of the wet ther- 
mometer has been found above that of the dry, which occur in all long series of 
observations, and which have been ascertained with the greatest care in the dreenwicli 
observations. The formula for the calculation of the elasticity of steam from the obser- 
vation of the moist bulb thermometer, as finally corrected by Dr. Apjohn, is as 

follows : r = f ^ ^ X P~ 
•' "^ 88 30 

wherein/* denotes the tension of steam at the dew point ;/*, the tension of steam at tbe 
observed temperature of the air ; d = the depression of the moist surface ; 88 (or pos- 
sibly 87) = a co-efi9cient dependent upon the specific heat of the air and the latent heat 
of the vapour;^ = the existing pressure of the air; 30=^ the mean pressure of the 
air. Dr. Apjohn has, moreover, calculated the subjoined table (FhiL Mag. 1835, voL vn) 
(Pixge 97) by which the determination of the dew point from the formula is greatly 

d 



facilitated. It gives 



for every value of d between .1 and 10. In calcnlatang 



87x 30 

an observation this quotient, as is obvious from the formula, is to be multiplied hyp 
the existing pressure, and the product when deducted from/' will afford /". Shoiddtiie 

d 



depression exceed 10^ the value of 

d 



addition. Thus if d = 13^ 



87 X 30 



Q- oTv may still be derived from the table by 
= .00383 + .0014 = .00497. The following 



is the table. The first column is d ; the second n= ^^. 



.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 

2.;j 

2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 



.00003 


3.5 


.00007 


3.6 


.00011 


3.7 


.00015 


3.8 


.00019 


3.9 


.00022 


4.0 


.00026 


4.1 


.00030 


4.2 


.00034 


4.3 


.00038 


4.4 


.00042 


4.5 


.00045 


4.6 


.00049 


4.7 


.00053 


4:8 


.00057 


4.9 


.00061 


5.0 


.00065 


5.1 


.00068 


5.2 


.00072 


5.3 


.00076 


5.4 


.00080 


5.5 


.00084 


5.6 


.00087 


5.7 


.00091 


5.8 


.00095 


5.9 


.00099 


6.0 


.00103 


6.1 


.00107 


6.2 


.00111 


6.3 


.00114 


6.4 


.00118 


6.5 


.00122 


6.6 


.00126 


6.7 


.00130 





'" 87 X 30' 




.00134 


6.8 


.00137 


6.9 


.00141 


7.0 


.00145 


7.1 


.00149 


7.2 


.00153 


7.3 


.00157 


7.4 


.00160 


7.5 


.00164 


7.6 


.00168 


7.7 


.00172 


7.8 


.00176 


7.9 


.00180 


8.0 


.00183 


8.1 


.00187 


8.2 


.00191 


8.3 


.00195 


8.4 


.00199 


8.5 


.00202 


8.6 


.00206 


8.7 


.00210 


8.8 


.00214 


8.9 


.00218 


9.0 


.00222 


9.1 


.00225 


9.2 


.00229 


9.3 


.00233 


9.4 


.00237 


9.6 


.00241 


9.6 


.00245 


9.7 


.00248 


9.8 


.00252 


9.9 


00256 


10.0 



.00260 

.00264 

.00268 

.00271 

.00275 

.00279 

.00283 

.00287 

.00291 

.00294 

,00298 

.00302 

.00306 

.00310 

.00313 

.00317 

.00321 

.00325 

.00329 

.00333 

.00337 

.00340 

.00344 

.00348 

.00352 

.00356 

.00360 

.00363 

.00367 

.00371 

.00375 

.00379 

.00383 



(Page 98.) When the 
the formula becomes/" : 
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=/— 9^ + i^ because the latent heat of water as well ts the 
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latent heat of steam must be taken into account, as the heat evolved has first to liquefy 
ioe and then to convert the water into vapour. These calculations are troublesome, and 
mne of the data are uncertain. It rarely happens that any one will make them for a 
long series of observations. Without reduction no precise conclusions can be obtained. 
(Poffe 99) Observations of the dew point by hygrometer has already led to most valuable 
conclusions. The safest deductions from the differences between the dry and wet bulb 
thermometers are those which may be derived from a long series of experimental com- 
parisons with the differences between the dew point and the temperature of the air, 
which, as bearing a fixed ratio to each other, may probably be depended upon, at least 
in the locality in which the observations were made. The Astronomer Boyal has thus 
ccnstructed from the Greenwich observations a table of the values of the fraction : 

Difference between dew point and temp, of air. 
Diff. between evaporation temp, and air temp. 

The difference between the dry and wet thermometers multiplied by these factors 
according to temperature and deducted from the temperature of the dr, will give a 
dose approximation to the dew point. Suppose the observation to have been 

Air. Evap. Diff. Factor. 

51.5 - 46.7 = 4.8 4.8x-2=9.6 

51.5 - 9.6 = 41.9 dew point. 

{Page 100.) Greenwich factors for finding dew point from temperature of evaporation. 



Temp, of air 




Temp, of air 




between 




between 




20-25° 


9.0 


55-60° 


1.7 


25-30 


5.2 


60-65 


1.7 


30-32 


4.1 


65-70 


1.6 


32-35 


2.8 


70-75 


1.5 


35-40 


2.5 


75-80 


1.5 


40-45 


2.2 


80-85 


1.6 


50-55 


2.0 


85-90 


. 1.7 



From a comparison of two years' observations at Greenwich of the wet bulb hygro- 
meter with those of the dew point hygrometer it appears that the extreme differences 
are by Dr. Apjohn's formula 

-3.9 between 65° and 70° 
+3.6 „ 75 „ 80 

^liOst the exb-eme differences by the Greenwich factors are 

-3.7 between 75° and 80° 
+5.6 „ 75 „ 80 

Thus an appeal must be made to the dew point hygrometer whilst we are seeking to 
become acquainted with the almost infinitely varying circumstances by which the eva- 
Pt^rition hygrometer is affected. [Table xxxvi is placed opposite p. 115 in the Meteor. 
8oc. copy. It should be in vol. l opp. p. 115.] 

{Page 154.) [He gives directions for observing with actinometer. He says perfect 
^^Qimess of le^y is indispensable, the slightest cloud or haze over the sun Jbeing at once 
^>^ked by a diminution of resulting radiation. To detect such haze or cirrus a brown 
^Uss applied before the eye is useful. He gives Forbes's actinometric observations at 
\^age 165) Brienz and Faulhom ; these are local, but the following comments are 
''^ade vdiich bear upon aqueous vapour.] With respect to the points of contrary flexure, 
^ey probably arise from a twofold effect of the sun's radiation. The one is the increased 
^tensity as the sun is higher ; the other is the transference of vapour from the lower to 
the higher regions of the air by the heating of the lower strata producing incipient con- 
densation at a certain elevation and slight clouds which often appear between 10 and 12 
^cIock« Ab the sun*s power diminishes and the vapours redescend into the less rarefied 
^lld wanner r^ons, they are in some degree redissol ved in the afternoon, and the increased 
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transparency of the atmosphere checks the downward progrem of the curve due to the 
increasing obliquity of the rays. The maximum of intensity is sooner attained above 
than below because the sun shines with a disproportionate intensity in the morning on 
the upper station owing to the mass of vapour being then in the valleys. Forbes asks 
(Page 166) what becomes of the heat absorbed by the air. Is it radiated in rays of a 
different order from the clouds V or is it rendered latent by the conversion of the latter 
into vapour? 

(Page 219.) 1000 [for 1.000 in 1827 edition, p. 513]. 

(Page 385.) The periodical increase and decrease of intensity [of atmospheric electri- 
city] is so regular as evidently to be connected with the position of the sun above or 
below the horizon, and is probably directly dependent upon the ultimate tendencies to 
precipitation and evaporation produced by the regular changes communicated to the air. 
It should also be remembered that similar and contemporaneous changes seem to affect 
the magnetic phenomena of the earth. With regard to the sources from whence the air 
(Page 387) receives its electric charges, we are in a state of great ignorance. Up to 
the time of the late experiments of Dr. Faraday upon the electricity of effluent steam, 
little doubt was entertained that the processes of evaporation and condensation woe the 
most active in supply* 

Hunt» Carew. Joum, Boy. Geog. Soc., vol. xv. (1845.) (rv.) 

(Page 284.) On the Island of St Michael the mean hygrometrical dew point of the 
summer half-year has been 58^^ ; of the winter, 55^ ; making the quantity of vapour in 
a cubic foot of air 5.35 grains and 4.87 grains. Either in consequence of this hmniditj 
or the conducting power of the mountains, heavy thunderstorms are unknown. The 
(Page 285) evaporation of the summer months is 28 inches, and of the winter 17 inches. 

1846. 

Joum. Roy. Geog. Soc.^ vol. xvi. (1846.) (rp.) 

[Nothing in it for these notes.] 

1847. 

Jcurn. Boy. Geog. Soc., vol. xrii. (1847.) (rv.) 

[Nothing for these notes.] 

1848. 

Barker^ Lieut. Joum. Boy. Geog. Soc., vol. xviii. (1848.) {rv.) 

(Page 132.) Along the E. coast of Africa, from Goobul Earab to Core Kurangwahf 
October to April is the rainy season [and hence the dry season occurs during the other 
part of the year], 

1849. 

Cruttenden^ C. J. Journ. Boy. Geog. Soc., vol. xix. (1849.) (rvp.) 

(Page 60.) [When high upon the Peak of Eyramid in the Sonoali country he refeo to 
the night being bitterly cold, 48°, and the dew falling like soft rain.] 

Norton, W. A. (B. 1849,3.) 

(Page 352.) [He attributes the decrease in the horizontal force of the magnetic Dodk 
from 4 A.M. to 6 a.m. to evaporation, a supposition which implies that evaporatkn ii ^ 
greatest at these hours. He says this is the case. For the dew deposited at ni|^til ^ 
evaporated during the morning hours ; and the greater part of the evaporatioD of ^ 
rain that falls during the night and the latter part of the day will take place during ^ 
forenoon of the following day, except when the ground is unusually moist, in which cM ' 
the evaporation will be most energetic during the warmest part of the day.] 
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1861. 

Fita Roy, R. Joum. Boy. Qeog. 8oe., voL xx. (1851.) (rrp.) 

Page 107.) In Central America hot and dry weather prevails in the summer season 
3n the sun is not so high at noon as in winter. In the northern parts of the Isthmus 
dry season huits longer than .about Darien and Choco. In the season called winter 
sun is seldom seen, so clouded is the sky. There is a short interval of fine weather 
the middle of the rainy season near the end of Jime, but the regular and continued 
imer, a very dry and parching time in the northern parts of the Isthmus, lasts from 
ember to April or May. 

OutalaflT, Ch. Joum, Boy, Geog. 8oc., voL xx. (1851.) (rvp.) 

Page 200.) In Tibet from October to March the sky is clear, the atmosphere is arid, 
I the vegetation is frequently scorched by dry winds. 

liivingBton, Dr. David. Joum, Boy, Oeog, Soe.y vol. xx. (1851.) (rrp.) 
Page 140.) The dry season on the Zouga extends from May to October. 

Parkyns, Mansfield. Joum. Boy, Q^og, Soc.y vol. xx. (1851.) 

[Page 261.) In the region occupied by the Kubbabish Arabs between Kordofan and 
(Dgola there is a dry season before the rains (about April and May). 

Wallin, G. A. Joum. Boy, Oeog. 8oc,, vol. xx. (1851.) (rrp.) 

{Page 299.) At Muweilah, and to some extent throughout the N.E. part of Arabia, 
in &Ils at intervals from October to April. During the remaining months the 
eather is hot and dry. 

Joum. Boy. Geog. Soc., vol. xxi. (1851.) (rv.) 
[Kothiog in it for these notes.] 

1852. 
Joum. Boy. Geog, Soc,, vol. xxii. (1852.) (rv.) 

[Nothing for these notes.] 

1853. 

Davis, Sir J. F. Joum. Boy. Oeog. 8oe.y voL xxiii. (1853.) (rvp.) 

{Page 247.) The wet and dry seasons at Chusan and at Hongkong are reversed ; in 
} south the winter is dry, and the flooding rains fall during summer. 

Findlay, A. O. Joum. Boy. Oeog. Soe,t voL xxiii. (1858.) (rvp.) 

Page 237.) Beyond the tropics the warm wind descends and blows towards the 

x, parting with its heat and moisture ; till at last reaching the pole quite dried, and 

i minimum temperature, it by its accumulation rises and returns to the tropics. If 

earth's surface were uniform, these belts of calms and winds would be symmetrical 

nther side of the equator. But the proportion of land to water in the northern 

lisphere is 100 to 154 ; while in the southern hemisphere it is 100 to 628, according 

?ToL Benouard. Yet all the countries in S. latitude are remarkable for the dryness 

lieir climate, and it can be demonstrated that the evaporation of the southern is 

xited in the northern hemisphere. From this unequal distribution of land and its 

ge 238) effects we have the phenomenon of that line of junction of the trade winds 

he north of the equator (in a mean between 8° and 2° N. lat.) varying with the 

;re8B of the sun in the ecliptic, but always characterized in its axis by an enormous 

ntiaii of rain. 
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Strachey, H. Joum. Roy, Gtog, Soc,, vol. xxiiL (1853.) (rvp. 

(Page 64.) In the high Tibetan regions, as elsewhere, wind and moisture seem to 
be connected with low barometer. Winter is the season of clonds at Ladak, the number 
(Page 65) of cloudy days exceeding the fine ones ; in spring they are nearly equal ; in 
summer the sunny weather greatly exceeds the cloudy ; and in autunm the sunshine 
still predominates in a less degree. The snow lino of a country may be regarded as 
(Page 68) an index of its joint thermometric and hygrometric status and their mutual 
reaction. The hygrometric element has often been too much overlooked. 

Sykes, W. H. Joum, Boy, (hog, Soc., voL xxiii. (1853.) (rrp.) 
(Page 111.) At Zanzibar, from observations made by Lieut Fergusson in 1850, the mean 
depression was 22*^ [=2.2°], and the mean dew-point temperature by Glaisher's Oacton 
76.6° ; by Apjohn's formula 76.85°. The lowest dew point was 72.9°, and the highest 
(Page 113) 79.3° in April. The sky seems ever clouded. The place is remarkable for 
the extraordinarily continuous amount of humidity and the consequent very high tension 
of vapour, humidity so great that in the driest month, February, it amounted to 87 ; 
while in every other month of the year it was never less than 91 per cent. Notiiing 
approaching to these facts occurs on the shores of India ; even during the monsoons. 
At Bombay the highest percentage of humidity was 88 in July, and the mean of the 
year 66 in 1844. At Madras in the same year 83 per cent in December (a monsoon 
month), and the mean of the year 74} per cent. At Calcutta in 1844 in August the 
percentage was 94, and the 'mean of the year 84. At Aden in Arabia in 1848 the 
highest percentage was 77}, and the mean of the year 71 per cent In the tablelands of 
India the mean annual percentage of humidity ranges from 55 to 60. In India the only 
approach to the humidity of Zanzibar is met with in the cloud-capped summit of 
Dodabetta, at 8640 feet above the sea ; in Oct. 1847 (a monsoon month) it amounted to 
97 per cent,, and the m^n of the year was 90 per cent. From various short obscrw 
(Page 114) tions made by Capt. Elliott, the atmosphere of Zanzibar would seem to be 
more continuously loaded with vapour than any place to the eastward. It does not 
necessarily follow that the highest temperature of the air and the highest temperature 
of evaporation give the highest dew point and consequent tension of vapour. WitnOB 
Batavia and Moulmein; at the former the temperature of the air and evaporation wis 
85.8° and 79.4°, and at the latter 100.9° and 83*3°, yet the tension of vapour and dew 
point were identical at both places, viz. .909, and dew point 76.95°, while at neither place 
(Page 115) was the degree of humidity equal to that of Zanzibar. 



EXPLANATORY REMARKS.—H. 

It is no part of the plan of the * Scientific Roll ' to correct and comment upon the views 
and statements of the various authors. If such a course were adopted the spirit 
of impartiality which it is hoped will be adhered to in the ** Notes " would not he mMn- 
tained. Each author is allowed to state his own views, and each reader must judge ^ 
himself which views are the more correct by a careful comparison of one with the other. 
In many cases the errors of one writer are pointed out by subsequent writers. Moifr 
over, if comments were made upon the ** Notes " whenever they seemed to be called to, 
the work would be extended to a most inconvenient size, as the comments would be 
more voluminous than the " Notes " themselves. Hence it is necessary for the reader to 
thoroughly criticize all the notes before accepting their strict accuracy as mattas of 
fact. The Conductor does not claim to write with any high authority, but is simply 
endeavouring to carry out what he conceives to be a useful plan to the best of his 
power. In order to ascertain what writers mean, and how £eu: they agree or disagree, it 
is neoessary to make comments, which are kept with the " Notes" iu the manuscript 
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state, but are cot intended for publication. As a sample of these we give those referring 
to the Rev. Edward Sanl's Notes under the year 1766. 

Saul clearly perceives that vapour adds to the weight of the air, but he does not 

aee that owing to its unequal diffusion the specific gravity of the air is least in the 

place where there is most vapour. He believes that as the variation in the barometer 

indicates a greater variation of weight than is consistent with the addition and with-f 

diaw^ of the probable amount of vapour in the air, therefore such variation cannot be 

due to vapour. His mistake lies partly in overlooking the question of specific gravity, 

and partly in ignoring that the vapour may have some influence on the result. 

Suppose the pressure over all the earth to be 30 in., then the uniform addition of vapour 

corresponding to .025 in. of mercury would increase the pressure to 30.025 in. 

Suppose, however, that the addition is confined to one hemisphere, then the air in the 

mdster hemisphere would expand, and cause a compression of the air in the drier 

hemisphere to such an extent that the mean pressure of the two hemispheres would be 

30.0125. If, then, the effect was to lower the pressure in the moist hemisphere to a 

m&n of 29.990 in., it would raise that in the other to a mean of 30.035 in. In fact, 

the increased pressure would manifest itself in the dry regions, not in the moist. 

Therefore the diffusion of vapour will cause variation of pressure, increasing it in the 

^ regions just as much as it decreases it in the moist. The mean pressure will vary 

^th the quantity of vapour, and the mean variation also will vary with the quantity 

of vapour. The difference of pressure in contiguous areas will Increase with the 

quantity of vapour. The precise extent of the influence of vapour requires to be 

locamtely gauged. It is only one of several causes which influence pressure. It is not 

(Page 16) quite clear what Saul intends to impute to Boyle. The meaning which the 

jwagB bears implies that the cloudiest days are always those on which the barometer 

is bwest. If this were strictly true, then the range of the harometer below a certain 

m^T^mwrn would bc a gauge of the degree of cloudiness. Is this so ? Again, it 

also implies that the barometer is lowest on days which have the most vapour in the 

<air, quite irrespective of cloudiness. In this case the barometer should rise and fall 

tnversdy with the dew point, being highest when it is lowest ; and axiomatically the 

lidght of the barometer should be oorrehitive with the dew point. The latter idea is in 

effect rejected by him (on Page 26), because the range of the barometer indicates a 

greater quantity of vapour in the air than is credible, viz. 42 in. of water for England. 

Hy parity of reason, the barometric range of the equator would imply a far less 

-amount, which is not consistent with well-established facts. The case of high 

liarometer in fogs is in opposition to Boyle's idea ; and the fall of the barometer at 

times with rise of fogs, also seems to be against it. Boyle^s view may be right in the 

Sense that the pressure is relaiively least where most vapour is. The meaning implied 

^ Saul seems, however, to be absolutely least 

Boyle's idea of the connection between cloudiness and low barometer may be tested 
^ inan^ng cloudiness, the pressure of vapour, and the humidity, according to 
Quantity, and setUng against them the contemporaneous barometric height. Then the 
Vuometric heights may be arranged in the order of height, and the cloudiness set 
agsinst them. The observations made by Professor Kedzie at Lansing, in Michigan, 
%ill be used for the purpose of testing this point. 
FIzBt^ then, take cloudiness. 



Date, 


OlwervAtioa 


Percentage of sky 


Height of barometer. 


1878. 


hour. 


covered. 


inches. 


Jan. 1. 


7 a.m. 


100 cum.-stratus. 


28.963 




2 p.m. 


do. 


28.890 




9 p.m. 


do. 


28.912 


„ 2. 


7 a.m. 


100 Dimbus. 


29.123 


„ 4. 


7 a.m. 


do. 


28.839 




2 p.m. 


do. 


28.863 
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Date, ObeervatioQ Percentage of dcy Height of barometer. 

187». hour. covered. Inches. 

Jan. 5. 7 a.m. 100 stratus. 29.196 

2 p.m. 100 nimbus. 29.055 

7. 7 a.m. 100 stratus. 29.511 
2 p.m, do. 29.513 
9 p.m. do. 29.454 

8. 7 8.m. 100 nimbus. 29.286 
2 p.m. 100 stratus. 29.215 
9 p.m. do. 29.237 

9. 7 a.m. do. 29.193 
2 p.m. do. 29.056 
9 p.m. do. 28.955 



If 
ft 



2. 9 p.m. No cloud. 29.259 

3. 7 a.m. do. 29.267 
5. 9 p.m. do. 29.015 

„ 6. 9 p.m. do. 29.356 

„ 23. 7 a.m. do. 29.431 

Feb. 10. 9p.ra. do. 28.912 

Next take the pressure of vapour. The first group are observations with hig 
vapour pressure ; the second those with low-vapour pressure. 

Vapour Height of 

preMure. barometer. 

.188 in. 28.807 in. 

.188 28.895 

.212 28.987 

.229 28.936 

.241 28.882 

.204 28.929 

.188 28.950 

.204 28.925 

.199 28.950 

.098 29.123 

.065 29.259 

.071 29.267 

.066 29.013 

.086 28.980 

.065 29.196 

.075 29.055 

.048 29.015 

.050 29.138 

.086 29.189 

.055 29.356 

.062 29.511 

.055 29.513 

.051 29.454 

.060 29.286 

.087 29.215 

.065 29.431 

.084 29.410 

.082 29.443 

.082 29.137 

.087 29.177 

.071 29.237 

.057 29.343 

There seems to be an inverse relationship here. Now test this quantitatively. 

Jan. 10 and 16 the vapour pressure was .188 in. ; on the former date the barometer 
28.807 in., and on the latter, 28.895. Although the vapour pressure is the same, 
barometer has risen .088 in. What caused this difiFerence? The humidity was 

same on both occasions, or 100 ; the temperature was the same ; and the cloudi 
was the same, that is, 100. The wind on the 10th at 9 p.m. was N.W. 4, and on 
d08 



Date. 


Obfiervatioi 






hour. 


Jan. 


10. 


9 p.m. 


n 


16. 


7 a.m. 


f> 


17. 


2 p.m. 


n 


20. 


7 a.m. 
2 p.m. 
9 p.m. 


» 


21. 


7 a.m. 
2 p.m. 


»> 


25. 


9 p.m. 


»> 


2. 


7 a.m. 
9 p.m. 


»i 


3. 


7 a.m. 
2 p.m. 


r> 


4. 


9 p.m. 


» 


5. 


7 a.m. 
2 p.m. 
9 p.m. 


» 


6. 


7 a.m. 
2 p.m. 
9 p.m. 


n 


7. 


7 a.m. 
2 p.m. 
9 p.m. 


)} 


8. 


7 a.m. 
2 p.m. 


11 


23. 


7 a.m. 
2 p.m. 
9 p.m. 


»» 


28. 


7 a.m. 
2 p.m. 
9 a.m. 


M 


29. 


7 a.m. 
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16th, at 7 a.m^ S.W. 2. Would the wind cause it ? or is it that the vapour observa- 
tions arc too local and rough? On the 21st, at 7 ajn., the vapour pressure was .188, 
and the barometer was 28.950 in.; the temperature was the same as before; the 
humidity 100 ; and the cloudiness 100. The wind was N.R 4. On the 25th, at 9 p.m., 
the vapour pressure was .199 in., and the barometer 28.950 in. ; that is, with more 
vapour the barometer was at the same height. On the 21st, at 2 p.m., the vapour 
pressure is .204 in., and the barometer 28.925. The vai)our is .005 more, and the 
barometer is .025 less; this gives an inverse ratio of 1 :5. On the 17th, at 2 p.m., 
the vapour is .008 in. more, and the barometer .058 in. higher, which gives a direct 
ratio of 1 to 7. There is, evidently, some great irregularity here, which should 
perhaps be eliminated if the vapour pressures were grouped. The following table results 
from doing this, and taking the mean height of the barometer coincident with them. 



Vapour pre«wure. 


Barometer prefwnre 


.040-.050iiu 


29.015 in. 


.050 -.060 


29.M58 


.060-. 070 


29.282 


.070 -.080 


29.186 


.080-. 090 


29.266 


.090 -.100 


29.123 


.200 -.210 


28.934 


.210-. 240 


28.938 



Bat the irregularity is still just as manifest, and further tests are required to make the 
natter clear. For instance what causes this great difference ? On Jan. 6 at 7 a.m. the 
vapour pressure was .050 in. ; and the barometer stood at 29.138 in. ; while on the 7th 
at 9 p.m. the vapour pressure was .051 in., and the barometer indicated 29.454. The 
difference in the vapour pressure was + .001 in., and the difference in the barometric 
pressure was +.316. The facts seem to point to the conclusion that the data given are 
^ply local-vapour tension, and that the true vapour pressure is a very different thing 
as pointed out by Daniell. 

In order to test the statement on p. 26, it would be necessary to ascertain what have 
^xsai the ranges of the barometer under special circumstances, and what amounts of 
^neous vapour in the air have been associated with such ranges. Saul says nothing of 
temperature nor of wind, which ought to be taken into account. As this has most to do 
^th harometric condition, the point is tested under that heading in various ways, with 
the result that Boyle's conclusions are not substantiated. 

On p. 27 Saul refers to the vapour floating in the air as though ho regarded the 
visible cloud as the sole representative of the vapour in the air, and therefore appears 
<K)t to take into account the invisible vapour diffused in the air. In the sequel he 
i&akes some distinction between vapours and clouds, but seems to think that the less 
€(»npact vapours are arranged in strata like the clouds. 

On p, 29 he seems to regard the vapour as distinct from the air, and being lighter, it 

Tises like a cork in water, and settles at that height where the air has the same specific 

gravity as itself. As the weight of the air is ascribed solely to the quantity of air, the 

Leaner the air is the higher such vapour must rise. As the air varies in weight, the 

vapour will rise up and sink down. This is a simple view ; but he ignores the property 

of the diffusion of gases. The exhalation of vapours by subterranean heat probably 

takes effect only in volcanoes and hot springs ; and is not so general as he would seem 

to imply. If his ideas were right, the zone of maximum humidity should rise faster 

during periods of high than of low barometer. At what rate does it rise ? Further, if 

his view is right, taking heavy to mean dense, then the height of clouds should on the 

lYcnge range with that of the mercury, that is, be higher in cold weather than in hot. 

Fhtf is not the case, as clouds are higher in summer than in winter. Saul gets rid of 

difficulty by assuming that the vapours are of different specific gravities. 
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If we reduce Dr. Halley's estimate on p. 74 to some standard which should be 
generally adopted, wo have the following results. It remains to be decided what 
standard shall be adopted. For the present one square mile will be tried. The area of 
the Mediterranean is 734,000 sq. miles, which would give 7193 tons, and 40,871 tons 
per square mile respectively ; or 11 tons and 63 tons per acre ; or .0043 in. of mercury 
And .0246 in. of mercury ; or 15.1 grains and 86.5 grains pressure per square inch. The 
pressure in grains per square inch may be the best standard, more especially if the 
barometric pressure be expressed by weight, not by inches of mercury. How did Halley 
form his calculation and where ? and what is the difference between the result indicated 
by his figures and the conclusion that might be drawn from observations on aqueous- 
vapour tension ? For instance, in the quarter ending Dec 3), 1881, the elastic force 
of vapour is given as .234 in. for Bolton and .372 in. for Osborne ; which would give 
pressures of 853 grains and 1312 grains per scjuare inch. The elastic force is of course a 
computed thing, and gives no clue to the amount of vapour over any given spot. Books 
seem to imply that the aqueous-vapour pressure is indicated by this elastic force. It 
seems rather to indicate the local amount of vapour in the area immediately about the 
point of observation. The actual pressure is a very much smaller figure as indicated by 
Halley, as also by Daniell. Much of this really appertains to barometric pressure, bat 
the question requires discussion here in order to ascertain what is the probable amoirnt 
of vapour in the air per square inch, or per acre, or per square mile. With an elastic 
force of .234 in. there were 2.7 grains in each cubic foot of air. A cubic inch 
would contain .0015 grain ; and on the assumption of uniform distribution, this would 
give an aqueous- vapour column of nearly 9 miles. A cubic inch of rain woold 
weigh about 252 grains, so that it would correspond to an elastic force of .069 in. 
Returning to Halley's estimate, it may be observed that the greatest pressure is 86i 
grains on the square inch, or .0246 in. of mercury, while the total pressure would be 
about 30 in. The ratio of the vapour to the air would be as 1 to 1215. Hence it would 
be inferred that vapour per ae has little influence in varying the pressure. The miin 
elTect would, then, probably be caused by heat and liberation of latent heat dimimshing 
the specific gravity of the column owing to overflow or passage of the air into neighbour- 
ing regions as pointed out by Daniell. Hence, then, it will seem probable that the 
main factor in the variation of the barometric condition is the latent heat liberated by 
condensing vapour. The barometer may consequently give a rough indication of the 
amount of heat liberated, and hence indirectly of the quantity of vapour condensed. 
The difierence in the height of the barometer may be mainly due to the difference ii^the 
specific gravity of the air, one important factor in regulating which difference is the 
unequal dififusion caused by heat and evaporation, and the consequent unequal conden- 
sation of such vapour giving rise to evolution of heat derived from places of higf*' 
temperature. If so, then it will be seen how intimately connected are the climital 
elements, a([ueous vapour, barometric condition, temperature and wind. 
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S^txtrdx&t Wiman. 



The rapid progress of science now going on is, in part, the result of the 
great increase in the number of workers. This is accompanied by a larger 
and larger host of scientific serials. The consequence is that the student 
finds an increasing difficulty in ascertaining what has been done, or is hi 
process of being accomplished, not only in his own special line of study, but 
also, and more particularly, in such as do not immediately interest him. 
Every student finds, from time to time, that he has a desire for full informa- 
tion on subjects in these outlying sciences, for the purpose of throwing light 
upon his special studies. The state of literature is such that he is frequently 
daunted by the difficulties attending his research, or, if he perseveres, he finds 
a great deal of time unnecessarily wasted. The remedy for this is the foca- 
lisation of knowledge round a series of centres. The two main steps in the 
process are, first, collection, and, next, classification. It is with this ulterior 
object in view, that all persons interested in meteorology are earnestly asked 
to forward their names and addresses, particulars as to the work they have 
done in meteorological and other sciences, their present lines of study, ways 
in which help is desired, and any other items that may occur to them. These 
details will be classified, and, when the opportunity ofiers, selections from 
tiiem will be published. The Conductor will exercise careful discretion in 
the selection, as also in the use he may make of the more private details. 
' The first list will be published in November, 1883 ; but correspondents are 
lequested to send in answers soon, in order to allow of ample time for their 
daanfication, and for their utilisation in private correspondence in the 
interests of correspondents. 

In order to prevent any misconception, it may be stated that the Con- 
cLoctor's object is solely to promote scientific union, and is no way intended 
to be of a charitable nature in any pecuniary sense. If there is a sufficient 
ittponse to these requests, the same line of proceeding will hereafter be 
■nggested, from time to time, for the students in other branches of science. 
Newspapers and scientific journals of all countries, willing to help in 
this matter, are asked to make the above requests known to their readers. 

Address, Conductor, • Scientific Koll ' office, 7 Bed Lion Court, Fleet 
Street, London, E.C. 



The above notice first appeared in August, 1882, and has been repeated in the subsequent 
i^Qmbeis. As yet not a single individual has complied with the request made. It is 
^y from individuals that reliable materials can be obtained ; consequently, if no 
'cqHmae is made, no list of the kind proposed will be attempted. 

The members of the British Association Committee for drawing up suggestions upon 
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methods of more systematic observation, and plans of operation for local societies, have 
been appointed. It is to be hoped that the magnificent results obtained by the United 
States Fish Commission, by the Electrical Conference at Paris, by the United States 
National Board of Health with respect to water analysis, and other subjects, and by 
other bodies which have seen the importance of a systematic plan of operations, will 
encourage our local societies to combine cordially and unanimously in prosecuting some 
well-organized plan for the investigation of some definite subject. There are many 
subjects which might be taken up in this way, and there are many branches of industry 
and art which do not receive adequate systematic investigation, because those who j^actise 
them for profit will not give the time and care necessary for the purpose. There is no 
doubt practical men would derive great advantage from well-organized systematic 
observations, and it is to be regretted that so few have been made. 'Hhe valuable and 
long-continued work of Drs. Lawes and Gilbert, of Rothamsted, has induced a spirited 
American gentleman, Mr. Lawson Valentine, to acquire a farm for the purpose of carry- 
ing out a system of agricultural experiments. His present plans, he states, are : ** First, 
that the farming operations be carried on in accordance with the best-known methoda^ 
and under the best possible organization and management^ with a view of educating 
and enlightening others by furnishing valuable examples and results in practical agri- 
culture. Second, that there be a sdentific department devoted to agricultural investi- 
gation and experiment, and that such department be of the highest order so as to 
command the respect, interest and co-operation of the leading scientific minds of this 
and other countries. Third, that Houghton Farm be a comfortable, healthful and 
attractive home for the family of its proprietor, and afford large hospitality for frioids 
and guests." If a dozen establishments of this kind were started in various psrts 
of the world, it would not be long before agriculturists reaped benefits which in the 
ordinary way of farming would not be acquired] for centuries. In the preliminaiy 
report which the present director of the experiments, Mr. Penhallow, has kindly sent ub^ we 
have an account of the experiments on Indian com carried on by Mr. Manley Miles 
Oiiring 1880 and 1881. We do not propose to analyze those results, but we would 
<liiote a passage indicating the spirit in which enquiries will be made : — " Two distinct 
although closely related and parallel lines of investigation are needed to furnish that 
accurate knowledge of natural laws that is best adapted to the wants of the practical 
farmer. In the first place, we must leave the purely scientific work of the laboratory to 
<'ain a knowledge of the elements of animal and vegetable nutrition and of their relations 
under known definite conditions ; and investigations in this direction may with advan- 
tage be very much extended. The most obscure fact in organic chemistry, that has no 
apparent relation to the practical affairs of life, is of great value ; and when its hearings 
are fully appreciated it may be found to have an influence on matters of every-<iajr 
interest. In this utilitarian age, when the so-called practical side of afifairs is kept pro- 
uiinently in view and industrial education is so generally demanded, there is danger 
that the importance of pure science, which furnishes the means of exact investigation in 
matters pertaining to practical ends, may be overlooked, and opportunities for extending 
its domain by orij^inal research neglected. 

** In the second place, accurate and well-planned experiments in the feeding of animals, 
and with crops in the field, are needed to answer the various practical questions that 
arise in the management of the farm, and to determine the agricultural value of the 
facts and theories tha^ are ])resented as the result of purely scientific investigations. 
Exixiriments under tnis second head, without departing too widely from estaWiahed 
methods of farm jiractice, must be conducted in accordance with strictly scientific 
methods, notice bcins; taken of every condition that may possibly influence results: 
and they demand on the part of those who conduct them an extended knowledge of j 
practical farming, and the trained skill and ability for original investigations thai are | 
required in researches in pure science.*' \ 
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THE SCIENTIFIO ENQUIRER. 



In 1882 the present director of experiments commenced a series of methodical inves- 
tigation into the canses of the disease called ** yellows " in peaches. As this ioyestiga- 
tion is still in progress, and as many horticnlturists tioth in the United States and 
elsewhere may he willing and able to co-operate, the questions issued by Mr. Penhallow 
are reprinted here. 



^ht Sicbntifit (gmjuirtr. 

Correspofidence is invited on Science matters of aU kinds. In all cases 
names and addresses should he given ; hut these mil not he 'published mthotU the 
writer^s consent. The Conductor^ will not he responsible for the opinions expressed 
hf eorrespondenis, AU communications should he addressed to the Conductor^ 
7, Bed Lion Court, Fleet Street, London, E.G. 



Bej^es to questions should be numbered in accordance with the questions to which 
they refer. The contractions following the questions and answers, indicate the class of 
notes to which they will ultimately be assigned, and the place where full reference will 
he given to the details bearing upon them. The following request and set of questions 
«e reprinted from the circulars sent us by Mr. Penhallow. The numbers in paren- 
ttwses are those given in the original, those which precede them are those adopted 
lor the * Scientific Roll ' for the purpose of reference. 

P=Plantae. 

Experiments and observations are now being made at the Houghton Farm Experiment Station, 
upon the diseases of fruits, with a view to determining their cause and the remedies which may 
be applied. To make our work of the greatest practical value, it is earnestly desired that fruit 
fnrwers and Horticultural Societies will lend us their aid, and those whom these circulars — 
vtth tiieir accompanying forms — may reach, ¥rill confer a favour by making careful observations 
iipon their trees according to the following questions ; and at the end of the growing season — 
wken the fruit is ripe — fill in the answers and return to Houghton Farm. Any information 
coBeeming the disease in past years will be of great value. Those who feel an interest in this 
«<rt and desire to avail themselves of what is already known concerning the treatment of 
Peach TellowB and Pear Blight, will be furnished with printed directions upon application. 

Address, 

D. P. Penhallow, 
Botanist to Houghton Farm Experiment Station, 

Mountainrille, Orange Co., 

New York, U.S.A. 

<lUESnONS RELATING TO THE PEACH TREE AND THE DISEASE CALLED " YELLOWS." 

Please observe carefully, fill in your answers concisely, and return as soon as the fruit ripens. 

Make careful distinction between Blight and Yellows, 

151. (1.) At what time of year does the disease first appear ? (P. 1) 

152. (2.) Does the disease first appear before or after the tree has come into bearing, or is 
^)uit a matter of indifference ? Which is the more common ? (P. 2) 

153. (3.) Which is the more liable to attack, seedlings or grafted trees ? Is there any 
^iierenoe? (P. 3) 

154. (4.) What is the first indication of disease in an apparently healthy tree ? (P. 4) 

155. (5.) Where does it first appear? (P. 5) 

156. (6.) Is the disease localized, i.e., confined to particular parts of the tree, or is the whole 
"tiee gradaallyinvolved ? ( P. 6) 

157. (7.) When a tree is attacke<i, how long before it dies ? (P. 7) 

[■ 15^. (8.) Is there any difference in the health of trees on account of location, as between high 

Wad sad low, or on account of different exposure ? (P. 8) 

159. (9.) How old are your trees ? (P. 9) 

160. (10.) How long has the disease run ? (P. 10) 

161. (11.) What manures have been applied ? (P. 11) 
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162. (12.) Has there been any apparent effect? (P. 12) 

163. (13.) What has been your method of treating diseased trees ? (P. 13) 

164. (14.) What has been the result ? (P. 14) 

165. (15.) How is the fruit affected when it forms before disease is evident ? (P. 

166. (16.) How is the fruit affected when it forms on the diseased tree ? (P. 16) 

167. (17.) How long has the disease been known in your locality ? (P.' 17) 

168. (18.) What has been the effect upon the annual yield of fruit ? (P. 18) 

169. (19.) How long have you cultivated the peach ? (P. 19) 

170. (20.) Has the disease increased or decreased during that time ? (P. 20) 

171. (21.) How many diseased trees have yon ? (P. 21) 

172. (22.) How many healthy trees have you ? (P. 22) 

173. (23.) What is the yield in bushels, for this year, of the healthy trees ? (P. 2: 



ANNOUNCEMENTS. 



Fart m. of the ' Scientific Roll ' will be oommenoed, if life and health and 
granted to the Conductor, in November 1888. In order that the Bibliography 
full aa possible, authors and publishers are respectfully solicited to send copi< 
ierences io, all their publications dealing with the barometrical condition of the : 

Aa soon as 200 persons have ezpre^ed a wish to subscribe for any one of tl 
mentioned below, the publication oi that section of the ' Scientific Boll ' will b 
commenced. The sunaoription price will be 7«. 6d, and 10s. for each volume, a< 
the residence of the subscriber is at home or abroad. Each volume will com 
400 pages ; and each volume will, in most cases, contain two or more parts, eacl 
may be subscribed for separately. The extent of these parts will depend 
amount of matter in hand, so that the subscription price for each cannot be nxed 
but will be settled when the publication of each part is commenced. The foil* 
list of the principal subjects : — 

Atmosphere, Wattr, Ocean (5), Bivers, Lakes, Springs, Floods, Glaciers, Lane 
and Subsidence of Land and Sea-Bottom, Denudation, Orography, Earthquakes, 
Earth Magnetism, Marshes, Minerals, Strstigraphy, Bocks, Plants generally am 
fied groups ; Animals generally ; Protozoa, Actinozoa, Hydrozoa, Echinodermata, 
Scolecida, Annelida, Mollusca, Myriapoda, Arachnida, Bhynchota, Orthoptei 
Coleoptera, Lepidoptera, Neuroptera, Hymenoptera, Pisces, Amphibia^ Bepj 
Mammalia, and Man. 

Subscribers* names only are asked for now. The sending of these will not i 
11 pecuniary liability, but will simply be taken as implying that the senders take 

I in the work, and will probably undertake to subscrioe when asked to do so. At t 

of going to press the subject for which the largest number of names has been 
Ocean. 
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1854. 

ItivingBton, Dr. Jimm, Boy, Oeog. 8oe,, vol. zxiv. (18M.) (rvp.) 

^ 291.) When near E^makama (in S. Africa) he observes, " The greater leafi- 
the trees showed we were in a moist climate." 

Madaren^C. (JB. 1854, 1.) 

le 671.) The winds transport the moisture from the surface of the ooean to the 
of the great continents where it is precipitated. Mountains attract the moisture 
floats in the atmosphere ; they also obstruct the aerial current, and, presenting 
672) great inequalities of temperature, favour precipitation. He believes that 
countries with a summer heat above 70^ the presence or absence of woods, and 
reater or less luxuriance, may be taken as a measure of the amount of humidity 
the context shows, rainfall, not humidity]. 

1856. 

JoMffi. Boy, Geog* 8oe,, voL xxv. (18.55.) (ro.) 
>thiDg for notes on aqueous vapour.] 

1856. 

Aostixi* Bobert Jowm, Boy. Geog. 8oe,, toI. xxtI. (1856.) (rv.) 

a?e 261.) Mt. Welcome, in West Australia, Oct. 21-25, 1855. — ^Weather very cloudy 
wards night, when the wind veered to the westward, and the sky became clear, 
X)ut 2 A.M., when a heavy cloud-bank came up from the N.W., and soon spread in 
cumulus above us, but low enough to touch the hills. There was a rise of *0d in. 
3 barometer every evening, when the cloudy canopy was dissipated. 

Hopkins, Thomas. Joum, Boy. Oeog, 8oe., voL xxvi. (1856.) 

Bead AprU 14, 1856. (rv,) 

*^« 158.) There are certain areas of condensation of aqueous vapour, within and 
^ mountainous regions of the tropics, towards which general winds blow from parts 
^^Qt, coDStituting what are called the tropical trade-winds of the Atlantic and 
' Oceans. The N. and N.E. winds that blow over the continents of Europe and 
^e aerial currents flowing towards partial vacua which are produced in areas of 
^^tion, presenting evidence of the nature of the disturbances that produce these 
Movements of the atmosphere. When winds which are dry pass over the sur^Mse 
^^cean, they readily take up moisture, which is subsequently condensed, creating a 
^ and producing rain at their termini. But when a partial vacuum in the 
^ABT II.—No. 11. Y 909 



AQUEOUS VAPOUR. 1856. Hopkins, Thomas. NOTE& 

atmosphere is thus produced, heavier air presses in and flows as a wind from distaot 
parts, not only over the ocean, but also sometimes over the low lands of continents, such 
as those of Asia and Europe. There are other winds which blow from dry to moist 
regions. In the northern portions of America, particularly during the winter, the iir 
generally flows from the north, from one part that is comparatively dry and heavy to 
another part which has been rendered light by condensation of vapour brought by tbe 
tropical wind from the Atlantic Ocean to the Gulf of Mexico. The great mass of air, 
therefore, that passes over this continent in the winter flows southward to the Gulf of 
Mexico, in the neighbourhood of which, and against elevated land, the vapour that is at 
the same time brought from the tropical Atlantic is largely condensed. A part only of 
(P<ige 159) the vapour of the tropical seas passes into the Gulf of Mexico, as large 
portions of it turn northward over the Atlantic as well as over the Pacific Oceans, which 
portions are condensed on the western coasts of America and Europe. But the air 
which contained the vapour does not, after that vapour has been condensed, return to 
the tropics over the same two oceans, as in neither of them do north winds prevail 
The moist south-west winds of the Atlantic, after being deprived of a large part 
of their vapour by cold, return in a dry state over the low lands of the continent; 
while the north-west winds of the northern part of the Pacific, after furnishing the raiu 
of W. America, pass over Russian America and Behring Strait towards the Arctic Ocein, 
and return over the low lands of the central part of America as dry winds. Both of 
these land winds are dry, because they have been deprived of much of their vapour 
among mountains by cold ; and they afterwards pass from colder to warmer latitodei, 
which renders them more capable of taking up moisture, and they press and flow towaidf 
their termini because there vapour has been brought from other parts by other wiub 
to be condensed and to create a comparative vacuum in the atmosphere. Being in tha 
northern hemisphere, these winds, with their peculiarities, are known to European 
meteorologists, but these meteorologists do not admit that the prime disturbing caoae it 
the condensation of the vapour producing a vacuum in certain localities within the 
tropics. In the southern hemisphere we have facts of a similar character which are not 
equally well known. In that part of the world, as in the north, dry winds blow from 
cold to warm latitudes ; and they also, as in the north, terminate in localities where 
a partial vacuum in the atmosphere has been created by condensation of vapour whieh 
has been brought from other parts. And thus we find that in both hemispheres cold 
and dry winds blow — not generally towards the equator as N.E. and S.E. winds, as is 
commonly assumed, but directly towards local areas of condensation of vapour, which 
are always found to be elevated land, against which, at the same time, warm and moiit 
winds also blow. In the southern hemisphere there are not such broad continents ss 
there are in the northern, yet the same flow of air over land rather than over wateTf 
(Page 160) from cool to warm latitudes, is observable in the former as in the latter. 6ot 
there is ample breadth of ocean in the southern hemisphere, over which a cold aSrisl 
current might pass from the Antarctic Ocean to the tropics, and thus restore the equili- 
brium of pressure in a disturbed atmosphere in the way indicated in the Hadleian theoiy 
of winds, if the causes recosnised in that theory were those which are really in operatifln* 
Over the whole Southern Ocean no palpable polar wind is to be found blowing to the 
tropics, such winds being confined to the comparatively small portions of land which 
exist in that hemisphere. Four separate winds in the southern hemisphere may he 
traced blowing from the south in a way that makes them correspond vnth the diy 
northern winds in the northern hemisphere ; namely, two in America, one in Africa, sd4 
one in Australia. The first of these that may be noticed is the wind that blows akag. j 
the low land of the western coast of S. America, it is first found about Valparaiso, ii^ .1 
in lat. 33°, blowing moderately, but it increases in strength as it procoeds towards thft 
equator, until it reaches the province of Guayaquil, a place which may be described • 

being in the most southern part of a very rainy district, included between 6** S. and 8^ Nn 
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Taponr is brought from the heated surface of the Bay of Panama, extending 
a to the Pacific Ocean, and the Mexican and Califomian Seas. Now, if an 
; current is made to flow from the polar to the equatorial regions in 
leged in the Hadleian theory of winds, why have we not a S.E. wind 
er the whole Southern Ocean between America and New Zealand, instead 
lited Peruvian wind over a narrow strip of land? In this wide range 
a west wind of a decided character blows across the part south of lat. 38^, 
to the equator a broad strip of calm occurs until the eastern trade-winds of 
30 is reached ; but over the whole of this extensive ocean no such S.E. wind is 
mg from the polar towards the equatorial regions as would certainly blow 
Hadleian theory were true. The second dry American south wind is found 
CD the east side of the Andes. It commences near the Straits of Magellan, 
3ver K Patagonia and the pampas of Buenos Ayres, approaching the great 
mdeDsation that exists on the east side of the Andes ; a region where the 
must be made light by the large amount of vapour coming from the tropical 
it is known to be there condensed, forming a partial vacuum, into which the 
ry air passes from the line of country that has been pointed out. The 
) dry air itself does not take sufficient vapour to produce a considerable 
the place of its termination ; nor does much rain fall, excepting among 
to the south of say 25^ lat. The vacuum that gives birth to this southern 
erefore evidently produced by condensation of vapour, which is mostly 
the broad valley of the Amazon from the tropical Atlantic Ocean, and that 
n* by producing an atmospheric vacuum, must be considered the prime 
' the aerial equilibrium in this part of the world, which the influx from the 
to restore. In like manner, Hopkins gives details respecting Africa, from 
ifers that in the central part of Africa there exists a region of condensation 
of aqueous vapour, which vapour is brought principally from the Gulf of 
condensed among mountains, producing a vacuum towards which the air 
southern parts presses and flows as a southern wind; and being carried 
;uum, and ascendinc^ to a sufficient height, its own portion is cooled and con- 
-easing the vacuum and augmenting the rainfall in the area. As regards' 
ttle is known. There are extensive dry regions, but there do not appear to 
I be any great areas of condensation. In the East Indian Archipelago there 
f condensation of aqueous vapour probably equal in magnitude to any other 
ice of the earth. Currents of air are known to set in towards this area, and 
e dry south wind of Australia is one of those indraughts which only produces 
higher lands. It may be observed that some of the most southern lands in 
emisphere have considerable rainfall where the winds just strike them. This 
must cause them to be drier in the regions north of them. In July 1853 
dget described a dry wind which terminated in a rainless district. It 
blows from the Gulf of Mexico inland. But is it exhausted in a rainless 
Rather, is it not that it blows over the dry region and reaches to the sources 
River, Mississippi River, and other large streams. If heavy rain falls in a 
ards which a dry wind blows, we may safely infer that it blows towards a 
atmospheric vacuum ? Should the part described by Mr. Blodget prove to 
t made rainless in summer by condensation in the country to the north of it, 
e a striking iustance of the power of vapour to cause a wind to blow towards 
here its condensation is occurring. The vacuum about the sources of the 
)uld be proved to be sufficient to draw air even from the Mexican Gulf, in 
o the powerful influences that exist in other parts around that Gulf, and 
e the air pass northward over the rainless district described. For the sake 
of clearness we have confined our attention to the more general and per- 
ds. The discussion of the smaller and temporary disturbances would have 
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made the matter obscure. The general laws which gQyem the changes in the atmo- 
{Page 171) sphere are usually not complicated. Under the operation of these laws certain 
localities have great influence in producing motion in the atmosphere, and creating the 
general currents in it which determine its circulation. Over the ocean evaporation is 
continually taking up vapour, which by its elastic force expands and diffuses itself 
through the gases ; and the amount of heat thus taken up to be afterwards used in ex- 
panding the gases in particular localities is enormous. Through a difference in the lavs 
of cooling by expansion of vapour and gases, this heat would in all parts be given oat at 
certain heights, when the cold of the gases condensed the vapour, and rain would fidl 
with considerable uniformity. But as there are certain elevated lands distributed ow 
the surface of the earth, against these the vapour is largely condensed, and towards those 
lands atmospheric currents flow, or must flow, producing continuous alSrial movements 
and ascents in the area of condensation. The ascents cause a boiling up and overflowing 
of large masses of the atmosphere in the higher regions, where they difiiise themselves. 
These localities of condensation may here be given in their order of importance. The 
first is found on the east side of the Andes, where the rivers La Plata, Amazon, and 
Orinoco have their sources. The second is in and about the Himalaya Mountains. The 
great Asiatic Archipelago is the third. The tropical African mountains may be next» 
giving rise to the Nile and Congo. Then follow the Rocky Mountains of North 
America, the mountains of Chili, West Patagonia, and Terra del Fuego, the Alps and 
{Page 172) mountains of central Europe, the Scandinavian and the British mountsinti 
Over all these mountainous countries aqueous vapour is largely condensed, and the atmo- 
sphere is made to boil up and overflow each place in proportion to the amount of Tapov 
brought for condensation, and the height to which the vertical current ascends. Hi 
air discharged above in due time comes down to the surface, and thus a general dnak* 
tion of the atmosphere is established. There is no evidence that dry air ascends OfMT 
hot plains to any considerable height. The higher currents in the atmosphere probih^ 
flow from the areas of condensation to the regions where the dry winds commence aft 
(Page 173) the surface, deriving their supply from descending currents, 

[The controlling influence of evaporation and of the condensation of aqueous Jfgottj 
in producing the disturbances in the equilibrium which generate winds was fully 
clearly enunciated by Daniell in 1823. The remarks made by Hopkins find a plao»( 
account of its giving his conception, or rather what may be inferred to be his 
lion, of the distribution and circulation of aqueous vapour. As it was difficult to 
this without bringing in his more general ideas, no attempt has been made to 
them.] 

Parish, Alf^:^. Joum, Boy, Oeog. 8oc., vol. xxvL (1856.) (rv.) 

(Page 156.) In some parts of the equatorial regions the southern cyclone seemii 
rise from the surface at that point which represents the S. W. or S.S.W. winds, and 
northern one at that representing the N.W. or N.N.W. winds ; while in other 
especially towards large continents, the due westerly winds appear to extend over 
degrees of longitude. May this not be from local influences or dififerences in 
humidity of the atmosphere causing a variation in the angle at which the surface! 
the surface diagonally. 

1857. 

Grant, W. C. Joum. Roy, Geog. Soc., vol. xxvii. (1857.) (rrp.) 

(Page 275.) In Vancouver Island a parching heat prevails from March to 

which dries up all the small streams. In the commencement of automn deoMl 

prevail, enveloping everything in obscurity. 
mo 
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Osborn, Bheraid. Joum, Boy. Oeog. 8oe., toL xxyiL (1857.) {rvp.) 

^ 144.) In the Gulf of Azov, after the end of Aagust, short fierce squalls set in 
he northward, varied with S.E. winds, which are preceded by dense fogs. These 
!>.K winds are sometimes turned into easterly winds by the land, but their 
ter, and the fogs which accompany them, distinguish them clearly from the hot 
}T wind. Great and sudden variations of temperature are now experienced, which 
ccount for the squalls from the northward and the dense sudden fogs from the 
These s<{ualls give plenty of indication by a dense body of black clouds in the 
' from whence they may be expected. 

1858. 

Hopkins, J. (JB. 1858, 1.) 
hing appertaining to these notes which is not to be found in his earlier paper in 

1859. 

"Rngliflh Cyolopsddia. (B. 1859, 1.) 

973.) In the equatorial zone the air is clear till about two hours before noon, 
he clouds begin to appear until rain sets in at noon. Towards evening the 
disappear, and the sun sets in a clear blue sky. No rain falls in the night 
•74.) During the rainy season the rains frequently flood the low and level 
f a foot deep with water, so that the atmosphere of such tracts is continually 
with vapour and exhalations, which render the stars invisible at night, and are 
»s a principal cause of the unhealthiness of these countries. 

EngUsh Cyolopsddia. (£.1859,2.) 

. 984.) From what has been observed at Teneri ITe, it seems that in all climates, 
inl^ss tracts excepted, a considerable stratimi of clouds commonly exists over 
id, the inferior surface of which is at a height varying from 2500 to 3000 feet, 
rer of cloud there may or may not be above or below that altitude. 

Joum. Boy. Geog. 8oc., vol. xxix. (1859.) (n>.) 
hing for these notes.] 

1860. 

English Cyolopsddia. {B. 1860, 1.) 

. iii. Cd. 498.) The vapour plane where clouds form represents an area where the 
int prevails and the cloud corresponds to the dew. A. de Candolle and A. 
r., Col. 150.) Henfrey infer from the distribution of the species that ligneous 
established themselves in northern and temperate countries when the climate 
we been more humid and more cloudy than at present. [The greater dr} nCftS at 

may be due to the destruction of forests, which formerly seem to have been 
58) general.] If all the forests on the globe were destroyed the atmosphere 
10) would be exceedingly deflcient in moisture. The leaves of plants which 
n the dry air of the tropics are large and succulent. In the tropicn generally 
rree of dryness of the air seldom exceeds 10° of Daniell's hygrometer. In 

countries the air is saturated with vapour during the night, or at least it is 
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(Coi, 752) seldom otherwise in the open air. As a general law it may be stated that the 
humidity [=high dew-point] of the atmosphere decreases from the surface of the 
earth upwards. The great dryness [= low dew-point] of the atmosphere near the 
summits of mountains has been frequently remarked by travellers. Biot observes that 
the fall of the mercury is a more certain sign of rain than is its rise of fine weather, 
since the ascent of the clouds is not necessarily accompanied by their dispersion. From 
the agitation produced by wind the upper regions of the atmosphere are often charged 
(Cd, 794) with aqueous vapour. Hygrometry is that part of natural philosophy which 
(Vol. v., Col 272) relates to the humidity particularly of the atmosphere. Early in a 
thunder-storm there is some alteration of temperature as well as considerable barometric 
(Col, 273) and hygrometric changes. Evaporation increases the electrical condition of the 
(Cd. 708) air. [Since the Bibliography was published the statements in this colanm 
{CoL 709) have been entered from earlier publications.] Soon after sunrise in fair weather, 
the vapour near the earth having been precipitated by the night cold in the form of 
dew, and the sloping rays of the sun having little power to raise more vapour, the air ii 
almost perfectly transparent, and every object has a clearness and sharpness of oatline 
which it never has at any other time of the day. On our rivers and seas towards the 
end of summer, throughout the autumn, and the beginning of spring, the frequency and 
amount of mists are remarkable. 

Grey, Earl de. (JB. 1860, 2.) 

(Page cxlv.) The prevalence of moist air, much or little cloud, can be predicated 
approximately of any place, although no observations have been made there. Cold diy 
(Page cxlvii.) air from a polar direction is heavier than warm moist air blowing from 
(Page cxlviii.) tropical or equatorial regions. Evaporation, rarefaction, or condenaatiflB. 
of vapour in air, reduces its specific gravity, the two former by expanding bulk and 
rendering it lighter through mechanical diminution of quantity by falling to the eartla 
in rain, &c. 

1861. 

Eaton, H. B. Proo, Brit. Meteorol Soo., No. 1. Nov. 1861. (ro.) 

(Page 12.) Various theories have been advanced as to the cause of the increase rfj - 
rain in hilly districts. One (the most commonly received) is, that a current of *] 
saturated with vapour, on coming in contact with the cold hills, has its vapour «•»' 
densed, which falls as rain. This cannot, however, be so; if it were, we ahfldir 
invariably have rain when in the winter months a warm and saturated S.W. ^ 
succeeded a frost as long as the ground remained un thawed, instead of a thin roifi***;: 
fog, as usually obtains. In the autumn, too, after clear nights the dew-point tempeii*B»j. 
is often higher than that of the ground and pavement, under which circumstanoei ^f. 
find the vapour condensed on the surface, which appears wet in consequence. Thatt«i| 
explanation is, that whereas the temperature of the air decreases 1^° P. for efBJj 
100 yards of ascent, the dew-point only decreases i°; if then a stratum of air, in iAA\ 
the complement of the dew-point is 5°, be raised through a vertical space of 1200 HJ 
(Page 13) the vapour which it contains will begin to condense into cloud. Now, tot»l 
imagine a south-westerly surface wind to be setting in from the Atlantic, at a taapKi 
rature of 5'A^ and a dew-point of 48° as is frequently the case in autumn and €ii|r' 
winter [in Devonshire]. On reaching the land a ripple is produced, and on cnwiiigthl 
Dartmoor hills the whole stratum is lifted up about 1700 feet. In rising thixwigh tUl; 
extent the air expands and cools ; at a height of 975 feet the cold produced \f 
expansion will begin to condense the vapour into cloud, and all the hilU abovttMi 
elevation will be capped with fog, the temperature at this point being 48** ; in » M^ 
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Moent the latent heat evolved hy the process of condensation will prevent the air 
cooling as fast as it did, to the extent of nearly three-fourths the amount ; so that at 
1700 feet the temperature will not he lower than 47*3° ; under favourable circumstances, 
however, rain will ensue. On passing the hills the mist sinks, becomes warmed under 
greater pressure, and evaporates. 

EngHah CyolopsBdia. {B, 1861, 3.) 

(Cof. 928.) In general the lowest stratum of air above the earth contains the greatest 
quantity of aqueous vapour, and hence it might be expected that more rain should fall 
on low level plains than in elevated countries. The contrary is the fact, and this may 
be accounted for by the variety of currents among mountains and by clouds descending 
frequently on the summits of hills without descending to the plains. 

(JB. 1861,a) (ra.) 

(Page 573.) During the eclipse of the sun, July 18, 1860, there was a marked 
increaae of humidity at the various places where the eclipse was observed. 

J(mm, Roy, Oeog. Soe.^ voL xxxi. (1861.) (rvp.) 
[Nothing for these notes.] 

1862. 

Bell, C. E. Joum. Boy, Oeog. 8oe., vol. xxxii. (1862.) (rvp.). 

{Page 247.) In the Mosquito country, towards the end of May, every day, towards 
the afternoon, the clouds which are brought over from the sea are piled in a dark bank 
{Page2iS) to the westward. This gathering of clouds is occasioned by the land breeze, 
which begins to be prevalent now during the night. 

Beliingham, W. (B, 1862, 2.) 

(Page 110.) The recurrence of phenomena indicating the existence of a tide or belt 

ofvapoury clouds, traversing the atmosphere alternately from pole to pole at regular 

Qitervals of 40 days, has for some years past attracted the author*s attention. This 

tide, which would pass and repass the latitude of Peru at intervals of 20 days, may 

keooonected with the Peruvian period of 20 days, at intermediate regions between the 

- tqoator and the poles would return at longer or shorter intervals according to the 
(iPage 111) latitude of the place. For example, from the time it passes northwards over 

- liOiidon to its return to the same latitude would be about 10 days, if it moved at an 
. Vatiiiiated rate of 20 miles in an hour ; its next return after going south would be in about 

^days. Owing to many counteracting influences it would be diflScult to predict the 
' tiffsets of the tides. Under certain conditions of the atmosphere, however, it would 
tvobably produce storms and rain. Though the belt of vapour is supposed to be 
^Bootiziaoiis, it is probable that some parts of it would be considerably in advance of 
%tiien in those regions where least resistance is offered to its progress. The supposed 
^anodic tide of 40 days would sometimes combine with the lunar atmospheric tide of 
Uoat ^ days, and at other times be in opposition to it. The theory is founded upon 
^AwTTations in the latitude of London. 

FitlBoy, B. Joum. Boy. Oeog. 8oe., vol. xxxii. (1862.) (rvp.) 

^ ^Page cxzziL) Air currents retain their characteristics for a considerable time. Thus 
m may have by deflection, for short times only, cold dry winds from the S.W., or warm 
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(Page cxxxv) moist winds from the north. With polar currents of air, clouds hxre \ 
hard oily appearance ; with the tropical currents they have a soft watery aspect, with 
out hard edges or outlines. 

Glaiaher, James. Proo. Brit. Meteor. 8oe,, toL L (Ka 5, published Not. 19, 1862.) 

[Plate vii. He shows the balloon track rising to 23,500 feet, and cirri above, 
between five and six miles, the highest at over 31,000 feet This was durins the 
ascent from Wolverhampton.] The observations made during his baUoon ascents 
(Page 259) [which are detailed in the paper] indicated that the temperature of the dew- 
point decreases on leaving the earth less rapidly than the temperature of the air, so 
that the difference becomes less and less till the vapour plane is reached, when they are 
usually together, and always most nearly approach each other (this elevation was aboat 
5000 feet high) ; that immediately after leaving the upper surface of the cloud the dew- 
point decreased more rapidly thsm the temperature, and in the extreme high stations 
the difference between these two temperatures is wonderfully great, indicating an 
extraordinary degree of dryness and an almost entire absence of aqueous vapour. 
Under these circumstances the presence of cirrus clouds far above the diy region 
(Page 260) is very remarkable ; on all occasions when seen they appeared still as &r 
above as when viewed from the earth. Of what can they be composed ? 

Oregory, F. T. Joum. Boy, Oeog, 8oe.j voL xxxii. (1862.) (rvp.) 

(Page 428) N.W. Australia, 1861.-— Latterly the wind was alternately S.E. in the 
morning and N.W. or westerly in the afternoon, the sky frequently becoming overcast 
r.By latterly is meant getting on for October.] The rainy season, from the observations 
of previous explorers, is from about the beginning of November on to March. 

Hersohel, Sir John F. W. Meteorology, 2nd Ed., 1862. 

(Page 2.) Supposing there were no latent communication or transfer between the 
columns of air incumbent on adjacent parts of the earth's surface, the totality of 
atmospheric and climatic chauge in any given locality would be limited to periodicsl 
and perfectly regular fluctuations of temperature, and to the alternate generation and 
condensation of vapour, equally periodic and regular, immediately consequent on such 
fluctuations, over those parts of the surface occupied by water. No rain would ewr 
fall or cloud form over any part of the land, which would be perfectly arid. Air 
(Page 17) contains on an average 0*4:5 per cent, of aqueous vapour. When aqueow 
(Page 25) vapour ascends by its levity it drags air up with it — not by heating it,butl>y 
mechanical impulse ; and thus we see that the mere fact of a circulation of air in the 
atmosphere, in so far as that circulation is due to the generation and condensation of 
vapour, or even to the downward mechanical impulse of the fall of rain or snow, 
must of necessity cause a deficiency of sensible heat in the higher as compared with the 
(Page 48) lower regions. Mr. Glaisher's observations clearly show that the higher tin 
cloud the greater is the radiation upward, llius on nights uniformly and totally 
cloudy, the mean heights of the clouds being respectively 1700, 2800 and 3700 feet 
(which his peculiar situation enabled him to ascertain), the depressions were found to 
(Page 49) average 1*6°, 2*5°, 3*9®, clearly indicating the lower temperature of the higher 
clouds. Water freely exposed to the air evaporates at all temperatures, even when in 
{Page 50) the state of snow or ice ; cceteris paribus, the amount of water evaporated 
is proportionate to the surface exposed to air. It is niuch greater, therefore, from roogh 
and porous solid substances kept wetted (as for instance from moist soil or from 
vegetation wetted by rain) than from the surface of water itself, and from the latter 
(Page 51) when agitated by winds or lashed into spray than when tranquil. Yapoor, 
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Qtroduoed into the air, acts as a moving power in two ways— first, by a simple addition 
»f volume ; second, by its less specific gravity, in consequence of which as soon as it 
Page 52) is generated it tends to rise in the air by its buoyancy, and in so doing carries 
ip much of the air with which it is intermixed, disengaging itself no doubt from it in 
ts upward progress to become entangled with fresh particles, which again it raises 
ipward to abandon them for others. In this way not only is its upward diffusion far 
nore rapid than its horizontal, but in its struggle upwards it tends to produce an 
uBcensional movement in the air itself, and thus to act as a powerful agent in the 
[Page 53) production of wind. In every case the condensation of vapour is 
locompanied with a mitigation of cold at the point where it actually takes place. It is 
rlear, moreover, that the generation of vapour under any extensive region more rapidly 
iian it is carried off by diffusion or otherwise, must be attended with an increase of 
oarometric pressure, since the total weight of the atmosphere vertically over any region 
must be supported by the total area of surface, and equally so that its condensation, 
provided that the condensed water be abstracted from the atmosphere, must lead to a 
diminution of pressure. The contrary will happen if the vapour generated be carried 
off as fast as produced by such a general upheaving of the aerial strata over any region 
as shall subvert their equilibrium and cause them to overflow upwards and laterally. In 
such a case, since air also will be carried off bodily from the region and be replact^d by 
vapour, the mean specific gravity of the whole aerial column and its total weight will 
he diminished and the barometric pressure lowered. This takes place on a most 
extensive scale over the intertropical seas. The temperature of the surface water in 
(Page 54) them is habitually very elevated ffrom 78° at the tropics to 83° at the 
equator) and varies very little. A steady and copious evaporation is therefore continually 
going on. Vapour, carrying with it air, is constantly thrown up beyond the levels of 
equilibrium, where it flows over and spreads itself out over the upper regions of higher 
latitudes. The immediate consequence is a habitual deficiency of barometric pressure 
at the sea level on the equatorial as compared with that on the extratropical seas. In a 
▼oyage to the Cape of Good Hope in 1833-4 the writer of these papers found the 
dtcrease from the tropics to the equator on either side to amount to 0*24 in. Schouw 
lod Humboldt had previously noticed this fact. Air is less dilated by heat than by the 
(Page 55) introduction of vapour, but in both cases a local relief of pressure is equally 
irodaced. Winds subvert the solar climate and produce its real climate directly by 
tnnsferring.heat and aqueous vapour with its latent heat from one region to another ; 
(Page 81) and indirectly by means of the oceanic currents they cause. The winds act 
indirectly as ^distributors of heat and moisture by producing currents in the ooean. 
[Apparently he attributes the great ocean currents mainly to wind influence.] The most 
(Page 84) immediate, though assuredly not the most obvious result of this state of 
^ngs [that is, of unequal distribution of temperature and system of winds] is the 
liabitoal bygrometric or relative dryness of the higher regions in clear weather. This 
li ihown by very demonstrative facts. Thus Deluc remarked that the head of his 
iralking-stick always fell off in high mountain ascents from the shrinking of the wood. 
Hveiy (Essays by Sir J. Herschel, 1835) act of precipitation withdraws from the total 
Turn of air some portion of its entire amount of vapour. As such precipitations are 
coostantly going on in some place or other, the atmosphere as a mass, though incumbent 
tin a wet and evaporating surface, is necessarily always deficient in moisture ; and for 
Ha very same reason every superior stratum is relatively deficient in comjtarison with 
that immediately beneath it, from which its supply is derived. In point of ultimate 
CMiaation, then, there is a constant drain on the aqueous contents of the atmosphere 
miog from changes of temperature. This drain extends to all its strata, but while the 
(Page 86) lower renew their losses from a surface hygrometrically wet, the upper draw 
ar supply from sources more and more deficient in moisture. What the equatorial 
BOQ of the barometer at the sea level, then, is to the system of winds, such is the 
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habitual hjgrometric dryness of the air above the clouds to that of rain — at once an 
indication of a process in progress and an efficient agent in continuing it. Whererer 
such relative dryness exists, vapour, by its own expansive nisus, is in the act of transfer 
in an invisible state from one atmospheric region to another, and the rapidity of that 
transfer is proportional, cceteris paribtis, to the degree of dryness. This by no means 
supposes a universally prevalent deficiency of vaporous tension. Complete eaturatioii 
must exist at the points of evaporation and deposition, but at intermediate ones any 
amount of irregularity may prevail according to local circumstances. The method now 
(Page 86) adopted in preference to all others [for ascertaining the amonnt of vapour in 
the air], or the most simple and convenient in practice, and leading to results which a 
very severe examination has proved to be quite satisfactory, is the simultaneous dbeo' 
vation of the wet and dry thermometers. The formula of reduction, as it results from Dr. 
Apjohn's investigations, is as follows : — Let ^, ^ be the respective readings of the wet 
and dry thermometers (in degrees Fahr.), h the barometric pressure in inches, / the 
elastic force of the saturated vapour at the temperature t, and F its elastic force at the 
dew-point. Then will 

-^=•^•"80 • 30' ('^> 

the equation (a) or (b) being used according as t, the reading of the wet thermometer, it 
above or below 32° ; / is found from a table ; and F being calculated from the above 
expression, the dew-point may be had from the same table used reversely; ^ known, 
the weight of water per cubic foot is found by multiplying the weight of a cubic foot of 
dry air at 30 in. (563'214 grains) by the specific gravity of steam for elasticity F; lAby 
F X 0*6235. Copious tables for facilitating the whole process have been published bj 
Mr. Glaisher (1847). Although Hutton's theory of solution is exploded, its language, 
being convenient, is retained. When the air in contact with a radiating surface his 
{Page 91) been reduced in temperature to the dew-point, it remains saturated, and at 
the same time colder than that above it. On level ground, in a calm, little or do 
mixture of the upper and lower air will occur ; but on a slope the cold air will ron 
downwards, and mixing with the air below, if sufficiently near to saturation, wOl 
depress the mean temperature of the mixture below its resultant dew-point, and prodow 
fog. If the low ground be occupied by water or marsh, as the air in it is sure to be 
saturated, copious precipitation will necessarily result. If dry, the mist produced will 
(Porge 92) be less copious, and may not even take place at all. In the Weald of Kent, 
a district abounding in grassy slopes and branching valleys, in the calm clear nights 
which are there so frequent, beautiful instances of radiation fogs are of perpetnal 
occurrence. Immediately after sunset dew commences ; streams of cold air set down- 
wards, following the line of shortest descent, their course being marked with mist, thin 
and filmy at first, but acquiring density in its downward progress, and by degrees fiUiuS 
the valleys with fog, which in the morning before sunrise presents exactly the aspect 
of a winding lake or river of water, whose surface, perfectly even and horizontal, mm » 
sharply-defined line round every promontory, and into every retreating nook. ^ 
(Page 93) radiating fo<i, once formed, tends to its own increase by radiating offbeat frtW 
its own particles. When the warm«current in the open ocean encounters a sboal, th0 
lower water (of inferior temperature) is thrown np to the surface. The surface water, 
therefore, on the shoal is colder than that of the surrounding ocean, and the atmosjAei* 
(saturated at the respective temperatures) mingling, produce those fogs which «• 
observed to be prevalent in such localities. The fogs of Newfoundland are a remarkabl* 
instance in point Fogs, too, are produced in the neighbourhood of icebergs on a simile 
principle. The Arve, in its descent from Chamouni, occasionally presents the appearance 
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of warm water throwing up steam (though in fact many degrees colder than the air), 
from the mixture of the cold air ahove it with the saturated warmer air of the valley 
through which it flows. (Obs. August, 1821.) 

Barometric Fogs, — ^The temperature of a mass of air may he lowered beneath the 

dew-point by the simple effect of its own expansion. This may take place in two ways : 

(Page 94) viz., first, by a rapid and considerable relief of barometric pressure from above ; 

or secondly, by its own ascent into a higher region of the atmosphere. The first case 

takes place when the trough of an atmospheric wave passes rapidly over the place of 

observation. The fog so produced comes on for the most part suddenly and without 

any obvious cause. It is not rolled in from a distance by wind, nor does a moderate 

wind dissipate it. It is not confined to the surface of the ground, but extends at once 

to great altitudes. It does not resolve itself into rain, but disappears, when the atmospheric 

equilibrium is restored by the recondensation of the air and the reappearance of its 

sensible heat. Such fogs are very common, and are precisely analogous to the cloud 

produced in the receiver of an air-pump by a rapid partial expansion of the air. They 

want a name, and that of " barometric fogs " seems not inappropriate. There is a fog of 

not very frequent occurrence in our [= British] climate which comes on gradually in a 

perfectly calm state of the air, without any sudden or considerable diminution of 

barometric pressure, and which evidently arises from a gradual increase of humidity in 

the air, at length attaining the dew-point. Such fogs would seem not unnaturally to 

mult from the quiet lateral diffusion of vapour as a gas from some neighbouring or 

ilowly approaching mass of vapour-loaded air, in anticipation of its bodily arrival as a 

moist or rainy S.W. wind. To such a fog the epithet of " diffusional " may not 

{Fage 96) improperly be applied. When a body of vapour is generated from any 

warm evaporating surface it ascends by its relative levity, losing sensible heat as well 

by its own expansion as by its bodily transfer into and intermixture with colder 

w. When clouds form in a calm state of the air, and the evaporating surface is 

limited in extent or irregularly distributed in patches (as over marshy ground, rivers, 

Wlsb, &c), or if any other cause dispose the vapour to rise in columnar bodies of 

greater or less extent, the summits of these clouds are marked by protuberant masses 

or piles of clouds, with generally rounded outlines, which api)ear to reix)se on flat bases, 

mdicating the vapour plane. To such clouds Howard gave the name of ** cumulus.** 

They abound in the calm latitudes of the equatorial seas, and form a distinguishing 

{Fogt 96) feature in the meteorology of that region. That the self-expansion of the 

Moending air is sufficient to cause precipitation of some of its vapour when abundant, 

» rendered matter of ocular demonstration in that very striking phenomenon so 

oommon at the Cape of Good Hope, where the S. or S.E. wind, which sweeps over the 

Soathem Ocean, impinging on the long range of rocks which terminates in the Table 

Kmntain, is thrown up by them, makes a clear sweep over the flat table-land (about 

8850 feet high), and thence plunges down with the violence of a cataract, clinging close 

to Ihe moral precipices that form a kind of background to Cape Town, which it fills 

with dost and vapour. A perfectly cloudless sky prevails meanwhile over the town, 

^ sea, and the level country, but the mountain is covered with a dense white cloud, 

ntthing to no great height above its summit, and quite level, which, though evidently 

•wept along by the wind and hurried furiously over the edge of the precipice, dissolves, 

ttd completely disappears on a definite level, suggesting the idea (whence it derives its 

ttune) of a " table-cloth.** Occasionally, when the wind is very violent, a ripple is 

{Page 97) formed in the aSrial current, which, by a sort of rebound in the hollow of the 

vnphitheatre in which Cape Town stands, is again thrown up just over the edge of the 

■bi, vertically over the jetty, where we have stood for hours watching a small white 

pitch of cloud in the zenith, a few acres in extent, in violent internal ai;itation (from 

tbe hurricane of wind blowing through it), yet immovable, as if fixed by some spell, the 

lliterial ever changing, the form and aspect unvarying. [See Notes, 1823, Daniell, 
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p. 123]. The form and aspects of clouds are very indicative of the circumstances nnder 
which they are in the act of forming or dissipating. The form of the cumolas clearly 
CPage 98) indicates the act of self-dissipation in invisible vapour into the upper rela- 
tively dry air. Stratus may be considered as intermediate between cloud and fc^ 
being chiefly formed at night, and under the influence of radiation either from the 
surface of a ground fog or from impurities floating in the air itself. The latter is 
remarkably the case in great cities in which coal is chiefly consumed as fuel, and gives 
rise to those dense, yellow, suffocating fogs which infest London in the winter months. 
It would seem that each particle of soot, acting as an insulated radiant, collects dew on 
itself, and sinks down rapidly as a heavy body. Stratus is also formed very suddenly 
on a higher level, when in a clear calm night the general temperature of the air sinks 
by radiation or by diminution of atmospheric pressure till at some definite altitude 
above the surface the dew-point is attained. Thus on the night of April 19, 1827, the 
(Page 99) sky up to 16 h. 16 m. sid. time being perfectly cloudless, and not a breath of 
wind stirring, stratus at a high level commenced in the eastern horizon, and in eight 
minutes had extended to the western, obscuring the whole sky, the calm remaining 
unbroken. In this case the velocity of propagation of the edge of the cloud from £. to 
W., or following the sun, could not have been less than 300 miles per hour. The 
filamentous structure of the cirrus clouds, occupying the highest r^ons of the atmo- 
sphere, clearly indicates them as either in the act of originating from the union of 
aerial currents running parallel to each other, or as the residues of dissolving clood 
drawn out into fibres by the wind. The cirrus is* said to be often a precursor of windy 
(Pdge 100) weather. The cirro-cumulus clouds usually float at great elevations, and 
often appear as a loftier stratum through the intervals of lower clouds. They ere 
frequent in summer, and attendant on dry and warm weather. The cino-strata 
api>ears to result from the subsidence of the fibres of cirrus to a horizontal position, at 
the same time approaching laterally. It often precedes wind and rain. The cumulo- 
stratus would seem to be the modification of cumulus formed when the columns of rifflug 
vapour which go to form it arrive in an upper atmosphere not sufficiently dry to roand 
off its summits by rapid evaporation, thus allowing them to spread horizontally and fonn 
flat-topped, mushroom-shaped masses, the upper parts of which are often curled by the 
wind of an upper current into cirrous wisps, or cleanly cut off by a horizontal plaiw, 
forming an " anvil-shaped cloud " with a lateral projection, generally considered as a 
precursor of wind below. The tendency of cumulo-stratus is to spread, overcast the 
sky, and settle down into the nimbus, and finally to fall into rain. When two strata 
(Page 101) of clouds on different levels tend to unite, it is evident that the intermediate 
region must be nearly or quite in a state of hygrometric saturation. Thedoud thenfenw 
confuse«lly and in irregular masses throujrh the whole region, and finally resolTei 
itself into heavy rain. When cloud is present the sun's rays are of course prevented 
from reaching the earth directly, and their heat is diffused through the general atDW- 
sphere, thus softening and mitigating their ardour. When the sun shines on a dood 
which absorbs its heat, the cloud itself is necessarily partially evaporated, and the 
vapour by its levity tends to produce an upward current,' and thus to counteract the effect 
of gravity on the globules of which it consists. A globule of water l-4600tb8 Id. w 
diameter, in air of five-sixths of the density on the surface, or at the height of about 5000 
feet, would have its gravity counteracted by resistance with a velocity of descent of one foci 
per second (supix)siug no friction and no drai^), and even if the terminal velocity wei« ; 
reduced to half that quantity by these causes, would still require some such upward 
action to enable it to maintain its level, a circumstance which sufficiently accounts W 
the lower level generally observed of cloud during the night. It is more than probahk 
that when it is not actually raining a cloud is always in process of generation froBk 
below and dissolution from above, and that the moment this process ceases, rain in the 
form of " mizzle " commences. In a word, a cloud in general would seem to be merely 
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(Page 102) the viBible form of an atrial space in which certain processes are at the 

moment in equiiibrio, and all the particles in a state of upward movemoDt. The 

(Page 104) increased quantity of rain measured by the rain gauges nearest the ground 

is usually accounted for on the hy^iothesis that the cold rain-drop condenses moisture in 

falling through an atmosphere nearly or quite saturated. But this cause is insufficient, 

as rain falling from 12,000 feet, and bringing a temperature of 40° F. to 213 feet, 

would have its weight increased by ^ only, or ^ of the quantity to be accounted for. 

(Page 105) Yisible cloud rests on the soil at low altitudes above the sea-level but rarely ; 

and from such a cloud only would it seem possible that so large an accession of rain could 

ariae. (Note. — ^These remarks were made in 1857. More recently, March 29, 1860, a pajier 

was read by Mr. Baxendell to the Lit. and Phil. Soc. of Manchester on this subject. 

He arrives at the same conclusion as to the insufficiency of the mere condensation of 

vapour on the falling drops to account for the phenomenon in question, and concludes 

that it IB impossible to account for it except by the admission of the existence of water 

not in the state of true vapour, but already deprived of its latent caloric — in the 

atmosphere— though not affecting its trans|)arency, so that a shallow stratum of the 

lower and comparatively clear atmosphere may supply as much rain as a densely-clouded 

and much deeper stratum in the higher regions. Mr. Baxendell hesitates to admit that 

the water can be present in the actual state of water, on account of its invisibility. He 

•dds a very remarkable fact recorded by Mr. Binney, who, in descending the shafts of 

deep coal mines, has observed that the drops of water which drip from the upper part 

of the shaft increase to an extraordinary size in their descent to the bottom). The 

(Page 106) greater part of the enormous evaporation of the equatorial seas is at once 

OQodensed, and discharged again in rain from the cumuli which marks its uprush into 

tbe higher and colder regions of the air, the rain being most continuous where the sun 

ii most vertical, or in the region of calms. The trade winds themselves, coming from 

bigher latitudes, are acquiring temperature and taking up moisture from the sea. The 

nkoming counter-currents having discharged their first overload of moisture, pursue 

ibflir course aloft, free from cloud and relatively dry ; and in the neutral interval 

bstween them and the opposite lower current, cloud is not generated or rain produced 

ky the intermixture of the two, the upper portions of the trades not being saturated. 

The clouds which do occur in these winds belong not to their higher strata, but to 

(Page 107) a much inferior level, not exceeding 5000 or 6000 feet in altitude, while 

Uie medial line between the winds has nearly double that elevation. Such at least are 

the phenomena on Teneriflfe, as seen by C. P. Smyth in August. Between the tropics 

the year is divided into a wet and dry season ; the dry, when the sun is in the opposite 

Jiemisphere and the trade winds blow strong ; the wet, when in the same, and approach- 

hlg the zenith. In the neighbourhood of the equator, where the sun passes the zenith 

twice at several months' interval, there are two dry and two wot seasons. Beyond the 

tropics, where the anti-trade or returning current descends to the level of the earth's 

^Qr&oe, and by degrees takes up the temperature of our milder latitudes, its vapour, 

held so far in abeyance, becomes available for the production of min, unless inter- 

^age 108) cepted by some mountain-barrier tossing up the stream, and prematurely 

Precipitating its vapour. Where this obstacle does not exist, however, the rains are 

distributed in the extra-tropical regions with considerable indifference as to season ; in 

%>me, indeed, a certain approach to a wet and dry season of the year prevails. Since, 

llowever, the deposit of water from the air must of necessity bear some rude proportion 

to tbe actual quantity in transitu, the amount of rain or snow which falls on any 

Qoantry must, on a general average, diminish as the latitude increases. The origin of 

{.Page 126) aerial electricity has been traced with every appearance of probability to 

{^Page 127) evaporation. Pouillet showed that electricity was developed only when 

chemical change attended the evaporation. The processes of vegetation in which water 

if abandantly separated from the other constituents of plants, and perhaps also other 
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vegetable processes, are also sources of electricity. Thus we are led to look to the 
immense evaporation both from sea and land, and to the vital processes going on in 
the latter, as furnishing at least the chief supply of electricity in the air. Volcanic 
eruptions and conflagrations contribute their quota. The periodic fluctuations of the 
{Page 156) barometer are annual and diurnal. The consideration of the former will 
enable us to form a neater conception of the mode in which the latter arise. When it is 
summer in one hemisphere, it is winter in the other. Hence the air generally in- 
cumbent on the heated hemisphere is dilated, and expands both upwards and laterally, 
not only by its increased elasticity, but also by the increased production of vapour. It 
therefore not only encroaches on the other hemisphere by lateral extension, but, what 
is far more influential, flows over upon it. In order to perceive clearly the nature of 
the process, we must separate in idea the aqueous and aerial constituents of the portion 
of the air so transferred. The generation of the former goes on in the heated atmo- 
sphere, and replaces, in part at least, the loss in pressure arising from the transfer of 
air, while in the other the excess of vapour so introduced is constantly undergoing pre- 
cipitation, and is thus constantly being withdrawn from the total mass, leaving behind 
it, however, to accumulate, the dry air which accompanied it. Thus, if we regard the 
total barometric pressure as subdivided into that of the dry air and of the aqueon^ 
vapour, and denote the former by P, the latter by V, we see that the dry pressure is 
diminished in the hot and increased in the cold hemisphere without any countervailing 
action, while P is in process of increase from below by evaporation and of diminnUon 
from above by overflow in the former, and vice versd in the latter. If, then, the 
observed barometric pressure at every point in either hemisphere be analysed by calca- 
(^Page 157) lation into its two constituents, by taking account of the hygrometxic state 
of the atmosphere, and subtracting from the total pressure, P x Y, the portion due to 
the amount of vapour present, the remainder ought to exhibit, as a general result, an 
excess of dry pressure, P, in the winter hemisphere over that in the summer. So fftrtf 
observation has hitherto gone, this result is perfectly corroborated, though, unfortn- 
nately, there are not yet accumulated sufficiently numerous and extensive series of obser- 
vations in which the effects of the aqueous pressure can be duly separated from the diy. 
As examples, we shall select the series from the Indian stations, Calcutta, Benares, 
Seringapatam, and Poonah, calculated by Dove from the observations of Prinsep, Sp«^ 
mann, and Col. Sykcs, as compared with that at Apenrade from those of Neuber, and with 
the results obtained at the meteorological observatories of Prague, Toronto, and HoUrt 
Town: — 





P, pressure of dry air. 


V. pressure of Taponr. 


Stations. 


Max. 


Mln. 


Diff. 


Max. 


Min. 


Dur. 




in 


in 


in. 


in 


in 


in. 


Calcutta 


Jan. 


July 


1-019 


Aug. 


Jan. 


•551 


Ben<ires 


Dec. 


July 


1-244 


July 


Dec. 


•645 


Seringapatam 


Jan. 


June 


•455 


May 


Jan. 


•217 


Poonah 


Dec. 


July 


•760 


July 


Dec. 


•435 


Apenrade 


Feb. 


July 


•450 


July 


Jan. 


•346 


Prague 


Dec. 


July 


•383 


July 


Jan. 


•285 


Toronto 


Dec. 


July 


•271 


Aug. 


Feb. 


•380 


Hobart Town 


July 


Dec. 


•218 


Feb. 


July 


•125 



(Page 158.) These differences are large quantities ; but we see that as the maxiDJ* 
of P correspond in point of time with the maximum of V, it is only their differrao* 
which constitute the total or observed annual fluctuation of barometric pressure. Sdc^ 
as observed, the annual fluctuation of V is the result of an excess of supply over 
expense in one hemisphere, and of expense over supply in the other, it may very^ 
happen that the annual fluctuation of V in certain localities may exceed that of P,ani 
being in a contrary direction, may either neutralise the fluctuations of the gross pressoie 
P + V, or convert it into one of an opposite character. This, however, is rarely lie ci«i 
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ind where instances of it do occur, as at the Sta. F^ de Bogota and Bangalore, they are 
for the most part readily enough accounted for by the influence of local peculiarities. If 
we consider that, in general, the values of P and V, regarded independently, fluctuate 
in opposite directions, and hence the maximum of the one corresponds, or nearly so, in 
epoch with the minimiun of the other, we shall easily see that, representing P by — 

P = A + B sin. (e + C) + B' sin. (2 e + C) + Ac. 

we shall have at least approximately for V an expression such as— 

V = a + /3 sin. (e + C + 180«>) + ff sin. (29 + 7') Ac. 

the value of C in the term 8 differing by 180°, while those in other terms (Cy, Cy t 
&C.) may or may not stand to each other in a similar relation — the only condition being 
that they shall be such as to render the co-efficients BB', fiff^ &c., all positive. The 
gross pressure P+ V then will come to be expressed by the form — 

F + V = (A + a) + (B - /3) Bin. (e + C) + M Bin. (2 e + N) + M" sin. (3 e + N"), Ac. 

Since B* sin* (2 e+C)+/3' sin. (2 8+7/) may always be reduced to the form — 

M sin. (2 e 4- N), &o. 

Thus we see that the tendency of the cotemporary action of the two elements com- 
posing the gross pressure is — 1st, to produce a mean annual pressure (A + a) equal to 
the sum of the separate pressures ; 2ndly, to subdue the influence of the term depending 
OQ e by reason of the opposition of signs affecting B and /3 in the joint co-efficient 
B and /3 ; and thus, 3rdly, to give a greater comparative influence to the terms depend- 
ing on 29, 39. Now it will be observed that a series thus constituted. of series of 
9, 2 e, Ac, when made to run through its whole period by varying e from to 360°, will 
Ittve only a single maximum and minimum when the co-efficient of sin. (e + C) is large 
in eomparison with those of the other sines ; but when the contrary is the case, a 
^ble, or even triple or multiple maximum and minimum may result from such 
(Po^e 160) mutual relations among the co-efficients as may very easily occur. The 
priDopal terms nearly neutralising each other by their mutual opposition, leave the 
Seoeral character of the law of periodicity of the compound effect to be decided by the 
'datioDS inter se of the subordinate ones, and thus is explained, without prejudice to 
fte general reasoning in arts. 77, 78 [pp. 71-73] (which remain true as regards the form 
^ the atmosphere as disturbed by the sun's action), the fact, which appears on first sight 
'ii opposition to that conclusion, that the annual oscillation of the gross barometric pressure 
presents in a great many localities the phenomenon of a double maximum or even a still 
'^re complex character. Thus, in Paris, to take a single instance, from a mean of eleven 
years* observations (1816-1826) the total pressure exhibits two maxima, in January and 
'^ July, the former being highest ; and two minima, in April and October, the latter being 
v-^o^ 161) the lowest In the same way the diurnal oscillations may be accounted for. 
-^o simplify our conception of the diurnal oscillation we will suppose the sun to have 
^ declination, but to remain constantly vertical over the equator. The surface of the 
^be will then be divided into a day and a night hemisphere, separated by a great circle 
I*^»ring through the poles coincident with the momentary horizon, and revolving with 
^*^ sun from east to west in twenty-four homra. The contrast of the two hemispheres, 
^^^^ in respect of heat and evaporation, in this case will evidently be much greater than 
^ that of art. 165 (p. 156), and therefore the dynamical cau^o, the motive force trans- 
iting both air and vapour from the one to the other, will lie much greater. But, on 
^ other hand, much less time is afforded for this power to work out its full effect ; and 
'^g before this can be accomplished for any locality the circumstances are reversed 
^^ a contrary action commences. The causes, then, and the mode of their agency, are 
^Briacfcljr analogous in the production whether of the annual or diurnal oscillation ; but 
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in the former the feeble acting cause is aided by the very much greater length of the 
period; in the latter, its superior intensity is in great measure neutralised by tbe 
(Page 162) frequency of its reversal. There is another consideration, moreover, which 
cannot be without a great effect in establishing a distinction between the two cases. By 
far the larger portion of the land is distributed over the northern hemisphere, and of the 
water over the southern. The former is more uniformly terrene, the latter is more uni- 
formly aquatic ; and as, under the circumstances now considered, the transfer of air 
does not take place in the direction of meridians, but at right angles mainly to their 
direction, we should be led to expect that the amount of counteraction in the diurnal 
fluctuations of the dry pressure p by those of the wet v would be, generally speaking, 
very different in the two hemispheres, and that therefore the extent of fluctuation in 
the gross pressure p-^v would, generally speaking, present a corresponding difference. 
A sufficient amount of observations has not yet been accumulated to bring this 
conclusion to the test of experience ; but we cannot help remarking that the very same 
cause (the excess of water on the southern hemisphere), acting according to the differenoe 
of conditions, ought in tbe case of the annual oscillation to result in an average uDCom- 
pensated action on the dry air, urging it towards the northern hemisphere, and to its 
replacement, bulk for bulk, by vapour, which being lighter than air, [is assuredly one, 
and it may be the most efficient] of the causes of the generally lower atmospheric 
pressure over the Southern Ocean — a certain percentage of the due proportion of dry air 
(Page 163) being permanently driven out and prevented from returning by the constint 
outflow of vapour. That the double maximum and minimum of the barometric march 
really originates by the approximate destruction of the second term in the series— 

(A + o) + (B - /8) . sin. (e + C) + /3 . >in. (2 e + 7), Ac. 

owing to the op|X)sitc march of the dry and wet elements of the total pressure, has heen 
put out of doubt by the calculations of Dove. Yet there are localities where there is id 
apparent double maximum in the dry-pressure itselfl We have seen that moisture in 
(Page 169) the form of clouds, or even in that excessively divided yet unevaponted 
state which is sufficient to injure fhe transparency of the atmosphere, and which most 
be confessed to belong to the yet unresolved problems of meteorology, produces abtorp- 
tion of the sun's rays and the conversion of sensible into latent heat The diornil 
march of temperature, then, in the general atmosphere, is intimately connected with iti 
hygrometric state, and especially with its degree of relative dryness. And for the «aiiie 
reason that the heat of the day is mitigated by the evaporation of the diffused moiflton^ 
so is also the cold of night by its deposition, and hence arises a phenomenon of very 
general prevalence, viz., that the difference between the daily and nightly extrero* 0^ 
temperature or tbe extent of its diurnal fluctuations is greater in summer than in 
winter ; or rather, to speak more generally and in language applicable alike to inte^and 
(Page 170) extra- tropical localities, in those seasons when the air is relatively drier or 
moister. In fact, it is evident that when the air is relatively dry, evaporation during the 
day is more active, and a larger portion of tbe incident heat becomes latent. On the 
other hand, as it is necessarily the dew-point which limits (at least approximst^W 
the temperature of the lowest stratum at night, since in the act of condensation ti* 
vapour gives out its latent heat, and therefore so long as the supply is continued pw 
vents its further depression the further removed from saturation the air is, the great* 
depression can be eflected by radiation before that limit is reached. The near coinO" 
dence of the dew-point with the lowest nightly temperature, at every season of the yetf» 
has been shown by Anderson from observations made at Kinfauns Castle during the 
year 1815 ; and the calculations of Kiimtz show that the difference between the daily 
extremes of temperature is universally greatest in those months 6f the year when the 
(Page 171) relative dryness of the air is greatest. The greater uniformity of an inioltf 
as contrasted with a continental climate is at least partly referable to the same canse, 
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vx,, the alternate oonvenion of sensible into latent heat, and vice versdy by the evapora- 
tion and condensation of moisture disseminated through the atmosphere during day and 
(Page 191) night. With the exception of a few very limited regions in which fogs are 
(Page 192) habitually prevalent, and certain points here and there occurring in which 
rain is almost constantly falling, the general state of the atmosphere is one of more or 
IflBS hygrometric dryness ; so that, as a rule, evaporation may be considered as going on 
continually over the whole sur&ce of the globe, being only interrupted where that 
nirface is, during certain hours of the night, cooled by radiation below the dew-point. 
During these the earth is actually abstracting moisture from the air — at all other times 
sapplying it; but far more copiously during the day than during the night. Meanwhile, 
the very highest regions of the atmosphere being from time to time drained of their 
moLsture by precipitation, there is always a demand for vapour upwards, which is no 
way intercepted in its ascent by the existence of a region where it assmnes for awhile 
a viflible form, and which can only be looked upon as a temporary halting-place, tlie upper 
tarface of the cloud evaporating while the cloud itself is renewed by condensation of 
ascending vapour at the lower ; unless, indeed, the radiation from the cloud itself should 
for a time so far lower its temperature as to suspend for awhile, or even reverse, the 
process. At the epoch of maximum cold, when the surface of the earth is at or near 
the dew-point, the hygrometric state of the air to a considerable altitude is near satura- 
tion, and frequently either a stratus cloud rests on the ground or exists at a much lower 
{Page 193) altitude than in the day ; and when this is not the case, still the whole 
oohimn of air, by reason of the general depression of temperature, is much nearer to its 
IK»nt of saturation than in the daytime. It is the practice of meteorologists to designate 
by the expression " humidity of the air " the degree of its approach to complete satura- 
tion with vapoiur, and to give precision to this language by attributing to that degree a 
mimerical value, viz., the ratio of the quantity of vapour actually present per cubic 
foot to that which would exist per cubic foot were the air saturated, or were the dew- 
pobt identical v(k\h the actual temperature. Thus a scale of degrees of humidity is 
finned, 1<X) being that of complete saturation, and that of absolute dryness. In this 
■on of the word it will of course be readily understood that a low degree of humidity 
isoompatibie with the presence of a large quantity of aqueous vapour. It is not the 
npoor as such, but its readiness to be deposited in a wet state on a surface but little 
lover in temperature, that is intended to be expressed. To obviate the discordance 
Iwtween this language and that of common parlance, the terms relative humidity and 
nlative dryness are sometimes used. As a general meteorological fact, however, there 
it not merely a want of accordance, but an actual opposition between both the diurnal 
lod annual progress of the ** degree of humidity " or ** relative humidity " of the air and 
i^age 194) the tension of vapour as indicated by hygrometric observation. To take the 
<te in hand— the diurnal variation — we have seen that M those epochs of the night 
vlien the temperature has reached its lowest point, and dew is either actually deposited 
<)r nearly so, the humidity is at its maximum. But it is precisely at that moment that 
^ supply of vapour from the earth — having been for several hours cut off, or even a 
^^feae process in progress, while yet vapour has been diffusing itself into the non- 
'itarated regions aloft, and is still continuing to do so— the actual amount of moisture 
P^ cubic foot is small, and is still in process of diminution. This epoch is usually 
* Uttle before sunrise. As the day advances the temperature increases, and becomes 
'iHMre and more in excess of the dew-point. The air therefore becomes relatively drier, 
^^i^xxation goes on more rapidly, the lower strata become fuller of vapour, as measured 
Mf its tensbn, which at length becomes such as to keep pace with the upward diffusion, 
Whicii now in its turn is stimulated. The cloud level, or vapour plane, rises, and if the 
^^ight has been clear, the air calm, the sun powerful, and the soil wet, the a| pearance of 
^Umuli soon begins to render visible testimony to the nature of the prc'cess in progress. 
Wbcn the heat of the day has reached its minimum, the ))roce8s is in its greatest 
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activity. The humidity has now reached its maximum, and the evaporation, which is 
in the direct ratio of the temperature and dryness, its minimum. From this epoch, 
(Page 195) however, the supply of vapour from below being most copious, while the 
temperature no longer increases, it is evident that the humidity must begin to increase, 
while the tension also, for a longer or shorter time, will do the same, until by the decline 
of the sun the increase of humidity so far puts a stop to the evaporating process as to 
render it barely competent to supply the expense of upward diffusion, at which moment 
the tension becomes a maximum, and from which it also decreases, and continues to do 
so, the humidity increasiug during the remainder of the twenty-four hours until next 
sunrise, when the same cycle of causes and effects will recur. Such at least will be 
their succession iu calm and clear weather and in a normal state of circumstances ; and 
as regards the generally contrary march of the relative humidity as compared with that 
of the temperature and the vapour tension, such is really the course of the ph^omena. 
The epochs, however, and the order of priority, are obviously very liable to be distorbed 
by a variety of circumstances, among which the most influential are rain, winds 
(especially such as recur in daily periodicity, as sea and land breezes), and cloud, which 
cuts off the sunbeams from the soil and puts a stop to the increase of evaporation bdbre 
the temperature has attained its maximimi, thereby tending to bring the epoch of 
maximum tension towards coincidence with that of maximum heat. We find, for 
example, on comparison of the three elements in question, as derived from six yean' 
(Page 196) two-hourly observations at the Royal Observatory at Chreenwich (1842-1847), 
the following results t — 

M&zimain. Minimttm. 

Temperature . 55 '22^ F. 1 h. 20 m. p.m. 44*85^ F. 4 h. 10 m. a.m. 

Vapour tension *345 in. 1 h. 20 m. p.m. 'SOS in. 3 h. 40 m. a.m. 

Humidity '938 4 h. 30 m. a.m. *753 1 h. 20 m. p.m. 

where it should be observed that the amount of cloud at Greenwich is a maximom at 
Oh. 20m. p.m., at which hour 73 per cent, of the sky, on a general average, is coTcred; 
and a minimum at 9 h. 44 m. p.m., when 60 per cent, of cloud prevail ; the genaral 
average of the year being two-thirds cloudy. The annual march of humidity and 
vapour tension, as compared with that of temperature, depends on the same principles, 
and is governed by the same laws ; the humidity, however (as is also the case with the 
diurnal cycle), being much more regular in its progress than the vapour tension, and 
the limits between which the latter element oscillates being much wider, as might be 
expected from the greater duration of the cycle, and the consequently longer time given 
for the causes in action to work out their full effect before removal. Thus at Greenwich 
the annual maxima and minima and their approximate epochs, as appears from the 
series of observations already referred to, are for the 

Annual Maximum. Afinnal Minimum. 

Temperature 63*37° F. in July 34-20° F. in Jan.— Feb. 

Vapour tension '466 in. in July * 195 in. in Jan. 

Humidity * 930 in Jan. * 783 in June 

(Page 197) Locally and temporarily nothing can be more capricious than either the 
humidity or vaix)ur tension as we ascend into the higher regions. Meteorologists, from 
Saussuro and De Luc downwards, have sought in vain for anything like a regular law 
of decrement like that which, at least approximately, prevails respecting temperature* 
Mr. Rush relates that in his sixteenth ascent to the height of 19,400 feet in the Na»W 
balloon, June 29, 1850, with Mr. Green, tliey traversed a stratum of air 8600 feet in 
thickness, in which absolute hygrometric dryness, the zero of vapour tension, existed. 
This must of course be received with some reserve ; but it suffices at least to show that 
in regions of the globe where cloud is the rule and pure sky the exception, masses of ur 
are occasionally intermingled with the generally moist atmosphere, which would aeem 
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en all but abeolutely drained of their moisture, either by long sojourn in the 
»ns or in the highest and coldest strata of the atmosphere. Meanwhile, at the 
^vels we know little at present of the average or climatic distribution of 
apour. Of some things, however, we may be certain, viz. : Ist, That on 
cean, &r from land, the dew-point in the daytime can never be many degrees 

actual temperature of the air, and at ni^ht must always be very nearly 
rith it 2ndly, That the mean vapour tension in hot climates must neces- 
) sarily be greater than in cold. 3rdly, That, cceteris paribus, the relative 
Df the air must be a maximum over the sea and a minimum in the interior of 
, especially where there is much sand, which allows the rain-water to sink, 
speedily dries at the surface ; or much bare rock, which, never being more 
ficially moistened, affords no supply of vapour to the air. For it is obvious 
iuch regions there must be less evaporation for an equal incidence of 

that, therefore, less of the heat will become latent, and their efficacy in 
8 air will be in consequence greater, so that the temperature will rise in the 
aster than the dew-point, and that in an increasing ratio ; and, moreover, 
the very combination of these causes there will be less tendency to the forma- 
)uds over such regions, and therefore a greater amount of direct sunshine 
the soil. Thus we have a system of mutually reacting causes and con- 
all tending to exaggerate both the heat of the climate and its relative dryness ; 
ounteracting power being that of radiation, both diurnal and nocturnal, but 
the latter. Where, in addition to all these causes, those winds which blow 
ler regions or from tropical seas, before arriving at the i)lace in question, have 
er lofty mountain ranges, and have been chilled in so doing, and drained 
Disture by the precipitation of snow or rain, it may well be imagined that a 
) state of extreme aridity will prevail. 4thly, and lastly, we may perceive 
ipper regions of the atmosphere — not only as being colder, and therefore 
)f retaining without deposition a quantity of vapour equal to th^t of the lower 
) habitually and on a general average drier than the lower; though the 
»f cirrus clouds at very high levels (certainly sometimes exceeding 30,000 feet) 

proves that even at such altitudes saturation with moisture occasionally 
J. During the sojourn of Mr. P. Smyth on the Peak of Teneriffe the aridity 
;^as found to be always excessive^ On one occasion at Guajara(alt. 8843 feet) 
jion of the dew-point below the temperature of the air was observed to be no 
4° F. In actual cloud (although in the earlier history of hygrometry the fact 
oned owing to the imperfection of hygrometers used) both common sense and 
I go to prove that the extreme point of humidity is attained, since where 
•dily present in every cubic inch of air, and refuses to disappear by evapora- 
te of absolute saturation must exist. Hence wo are led to some singular 
iclusions with respect to the law of decrement of humidity as distinct from 
) vapour tension. In the daytime, so long as the sky is cloudless over any 
evident that there is no point in the aerial column above it at which the dew- 
rpassed so that the supply of moisture from below is carried off by diffusion 
nd it will depend entirely on the copiousness of this supply, and the rapidity 
1 it ascends into the higher regions, whether, as the day advances, the vapour 
d humidity shall follow a contrary or similar progression. If the supply be 
md borne up rapidly to a colder level, a cloud will be formed, and it is 
It for some time before its actual visible appearance the air in that region 
about to be formed must be gradually approaching saturation, and attain it 
lent of deposition of the first molecule of water in a liquid state. From the 
;n, up to the vapour plane, wherever such plane exists, whatever be the law 
tension, the humidity (with, perhaps, some interruptions in respect of 

continually increases up to I'OO, its natural limit, which it maintains 
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throngh the whole thickness of the cloud stratnm. This surface passed, the upp 
surface of the cloud performs, to all intents and purposes as r^ards the higl 
atmosphere, the office of a lake, being a thoroughly wet surface on which that atn 
sphere reposes. Henceforward the law of decrement of moisture will be the same 
{P<ige 201) it would be over the sea itself under the same circumstances of tempei 
ture and pressure. Nor does anything prevent (the sun striking on and evaporati] 
it) why a second layer of cloud should uot be formed again at a higher level, ai 
so on — a phenomenon, in fact, of no rare occurrence. In such a case, if we take t] 

height for an abscissa, as AB, the curve of hamidit 
will be an undulatiug one, such as EFGHI, attaii 
ing its maximum 1-00 (= BF or CH) at F or B 
and having a minimum between them as at G 
while the curve of tension PQRST follows a pro- 
gression totally different, the relation between 
any pair of their respective ordinates GH, GS 
being that which subsists between the tempen- 
ture, tension, and humidity generally, a relatioo 
expressible by the equation 

where V is the vapour tension, H the humidity, 
_ and ^ (0 the function of the temperature (, which 
A E p expresses the force of saturated vapour at that 

{Page 203) temperature. The winds are originally caused by the equatorial heatuid 
generation of aqueous vapour, or by extensive local agencies of the same kind elsewhere. 
(Page 204) Dove, in his * Meteorologische Untersuchungen ' (1832), has suoceededin 
exhibiting in a very distinct manner, by an ^extensive induction from observatioiu in 
almost every region of the globe, the close and immediate dependence of all the three 
great meteorological elements, temperature, moisture, and atmospheric pressure, on the 
direction of the wind. In other words, assuming e to represent the angle which thit 
direction makes with the meridian of the place, any one of these elements is found to he 
expressible on an average or mean value during a whole year or series of years by the 
equation of the form — 



I'^doudlivdB 




E =r A + B, . sin. (e + C,) + B, . ain. (2 9 + CJ + &c. 



(«) 



The mode in which a law of this kind may originate is not difficult to understin^ 
Suppose, first, the earth without diurnal rotation and the sun to move round it froia 
east to west, and at any given spot (suppose in the north hemisphere) let a wind Mow 
direct from the south with a certain force and during a certain time, this will bring over 
the place of observation the warmth and moisture of a latitude more southerly (snppoK) 
by IQP, But from the eastward or westward of south, at an angle © with the meriditf, 
the atmosphere of a place 10° remote, measured in a great circle, will be still transferred 
to the place, but owing to the inclination of the path only 10° x cos. 9 more soutL tt 
therefore, the former wind brought with it an accession of temperature or moistnre, 
represented by e, this will bring the accession e . cos. 8 proportional to the difference of 
latitude travelled over. It may happen, however, from the circumstances of the locality 
that the warmest or moistest region in the neighbourhood may be not due south of the 
place, but in a direction making an angle 90° - C with the meridian. In this case, then, 
the extraneous temperature or moisture so induced will obviously be represented, no^ 
simply by 6. COS. e, but by «. COS. (e+C- 90°), or e. sin. (e+C). Aa the effect of the 
earth's diurnal rotation is to cause the wind to ever, the wind from the southern le^ 
will have more or less westing in it at the place according to circumstances. The effect 
of a wind will depend upon its degree of frequency and duration. Dove and others fin^ 
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(Page207) that in the wind rose there are two points not far from diametrically opposed 
to each other ; the one in the neighbourhood of the N.E. point, the other in that of the 
S.W., from which, when the wind blows, on the long average, both the temperature and 
the vapour tension have their maxima and minima, the former at the N.E. and the 
latter at the S.W. The same, or nearly the same, points indicate reversely the maximum 
and minimum of barometric pressure. There are deviations according to localities. On 
{Page 208) the whole, however, for each locality and for each of the three elements 
in question it is found practicable to represent its variation in terms of the azimuths 9 
of the direction of the wind by the expression 

£ = A + Bi . sin. (e + C,) + B, . sin. (2 9 + C^. 

in which G is very nearly the same angle for all of them, and in which B,, the 
oo-efficient of the term of the second order, is found to be smaller in comparison of B|, 
that of the first. And it 1b evident that the total barometric pressure P+ V and the 
Taponr pressure V, having both this form of expression, their difference P, or the pressure 
of dry air, will admit of a similar one by a proper determination of its co-efficients, which 
are easily deduced from those of its component elements by putting 

P, + P, . ain. (e + C,) + P, . ain.(2 6 + C^+ V,+ V, . ain. (6 + Cj) + V, . sin. (2 8 + C^ 

= P', + Pj . ain. (e + C',) + P', . sin. (2 6 + C',), 

vhere P represents the mixed pressure and the several numbered and accented 
letters the respective co-efficients of the general formula, and which, reduced by the 
Qinal trigonometrical transformations, afford equations by which any one set of these 
{Page 209) values may be easily derived from the other two. It is evident, moreover, 
without any calculation of this kind, that since the elastic power of the vapour has its 
maximum at the S.W. point, where the total barometric pressure has its minimum, the 
drj pressure P must have its minimum there also ; in other words, that G|, being 
approximately = Ci + 180°, C will be nearly identical with C. Dove further finds that 
these co-efficients are severally and separately, like all meteorological local elements, 
periodical functions of the season of the year or of the sun*s mean longitude. A similar 
aet of relations ought to subsist in the south hemisphere, mutatis mutandis ; that is 
to say, with the maxima and minima at south-east and north-west. As an example 
of the results obtained in this branch of meteorological inquiry we shall here set down 
the values of the co-efficients in the expression E =A + Bi sin. (© + Ci), &c., as calcu- 
lated by Prof. Johnson from the series of meteorological observations made under his 
•Qperintfflidence at the Radcliffe Observatory at Oxford. These are (Radcliffe Obs. 
1864, p. xxvi) for the 

Temperature,?. 48*60^ F. 2-34^' 254 -^SS^ o' 

Dry preasure, P. 29 • 404 in. • 108 in. 75-33 

Vapour pressure, Y. * 307 in. * 026 in. 259*39 

Where it will be noticed that 180° + 75® 33'=255° 33', and therefore, comformably to 
Uie theoretical views above delivered, the dry pressure has its minimum very nearly 
Qonesponding to the maximum of temperature and of vapour pressure. Whenever, as 
in this case — ^which is the most common — the terms of the second and higher orders 
He inseparable, or nearly so, the coefficient B determines the maxima and minima, 
•o thaU the respective values of 2 B| will express the total amount of fluctuation in 
temperature, pressure, &c., at the stations which have their origin in changes of wind. 
It is very easy to perceive that, with this dependence of the great elements of the 
Heather upon the direction of the wind, the other features which stand to them in the 
Idation either of immediate consequences or proximate causes must go hand in hand, 
■ff P^ as cloud, rain, &c. For instance, at Karlsbad, from the calculations of Eisenlohr 
U appears that during the prevalence of south wind, one day out of 17*29, on an average, 
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{Page 211) only is free from cloud, and during that of north-east one oat of 3*01 ; 
the intermediate winds being accompanied by intermediate degrees of frequency. 
So also for the other elements. The tables at the end of this work afford numeroos 
{Page 212) and striking exemplifications of these laws, especially as regards the contrary 
march, both annual and diurnal, of the humidity and vapour tension, the greater range 
of the annual as compared with the diurnal fluctuations, and the dependence of the 
average amoimt of the vapour present in the air, and the extent of both kinds of 
fluctuation in the latitude 

{Page 230.) In describing the cause of polarisation of skylight, he decides it cannot 
be due to the refractive action of ice, nor of water, nor of reflection of air upon air. 
Newton's explanation is the least unsatisfactory ; he assigns it to the reflection of light 
on their transparent particles. [H. does not say more, but seems to hint that these 
particles are vapour, as he states that its explanation will probably be found to cany 
with it that of the blue colour of the sky itself. If so, then it may be that facts con- 
nected with this subject which are given under " Climate : Luminous Rays " may afford 
clues as to the distribution of vapour. At present the connection is not suffidentlj 
clear to warrant notes being entered here ; but when the phenomena of polarisatioQ 
afford data of this kind such notes may be given here.] 

{Pa^e 236.) In certain phases of an auroral display indications of a very unequivocd 
character are afforded of a distribution of a material substance in forms which, could 
they be seen under ordinary circumstances, would be called clouds. We allude to 
those luminous bands extending across the sky, and patches of auroral light which are 
either stationary or nearly so in the sky, but which, when attentively watched, aw 
usually perceived to be slowly drifting southwards. These, perhaps, belong to oom- 
{Page 237) paratively less elevated regions, and are, perhaps, in some cases identifiable 
with the very highest i)erceptible cirrus cloud. 

Proc Brit. Meteor. Soc., vol. L 1863. (No. 2, for Jan. 1862.) (it.) 

{Page 116.) Notice of " Meteorological Tables," by G. H. Simmonds. 1861. 

{Page 117.) Table XVII. shows the weight in grains of a cubic foot of vapour, 
assuming that at 212° it weighs 257*13 grains. Table XVIII. shows the weight of 
a cubic foot of air saturated with moisture under a pressure of 30 in. from —20° to + ISO*- 
{Page 129.) Fisher, in 1845, says that the principal displays of the aurora occur in the 
vicinity of the edge or margin of the Frozen Sea, and that it is an electrical phenomenon, 
and arises from the positive electricity develojied by the congelation of these [humid (by 
Editor of Proc.)] vapours, and the consequent induced negative electricity of the upper 
and surrounding portions of dry atmosphere. It is the accompanying indication of the 
restoration of the electrical equilibrium, which equilibrium is restored by the interfen- 
tion and conducting power of minute frozen particles, which particles are rendered 
luminous by the transmission of electricity. In early winter, before the sea was firoien 
over, the aurora had a diffused character. As the winter advanced and the edge of tiie i* 
became more remote, so the aurora diminished in splendour, assumed a low arched appea^ 
ance, and was seen only in the direction of open waters. Its height above the surface of 
the earth is very inconsiderable in high latitudes. The sudden deposition of extremely 
minute frozen particles when auroral displays took place near to the zenith was several 
times observed by the author. Joslyn, in 1838, states among other conditions thatit[the 
aurora] requires for its development a oold adequate to the crystallisation of aqueooa 
vapours ; that crystals of snow more minute and simple than those which produce halos, 
are always present in the atmosphere, above the region of ordinary clouds, during the 
appearance of this meteor. Fisher considers that perhaps thte strongest proof of the 
important agency of these particles in an auroral display is to be derived firom ^e fact 
that the auroral light can be distinctly traced to those localities where humid vapours 
330 
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are known to be undergoing rapid congelation, and where such particles must in con- 
sequence abound, and that in the usual arch formation, whatever may be the nature of 
the night, yet the auroral fringe clearly arises from the illumination of the froscen 
particles which are formed from the extreme portion of the vapours being under the 
influence of the cold atmosphere immediately above them. Fisher obtained sufficient 
evidence of the direction of the situation of the open water from the dark masses of 
vapour known as sea-blink. The upper limit of the auroral arch was generally dark 
aod dense, as if charged with humidity ; the lower, being nearer the water surface, was 
warmer and more transparent. When ice breaks up by the action of spring tides, and 
water is suddenly exposed, a difiference of more than 70° F. is often found between the 
water surface and the atmosphere immediately over it; so that the latter becomes 
immediately impregnated with the extremely minute frozen particles known as frost- 
(Page 130) smoke ; and he conceives that the alternate opening and closing of the ice, 
by which means different portions of vapours are detached from the surface of the sea con- 
secutively, give rise to the appearance of different concentric arches of aurora. Vertical 
steamers are columns of icy particles in the act of restoring equilibrium between 
liigher and lower strata. Low temperature and humidity are, in his opinion, the 
conditions required for the production of aurora, and hence the water limits of the 
Frozen Sea will be most favourable to the production of the aurora, from the circum- 
stanoe of there being there the greatest supply of humidity. He infers that the auroral 
zones will not approach nearer the poles than the margin of fixed ice, for lack of humidity. 
{Page 135.) De la Kive considers he was the first to notice the close connection 
I'etween auroras and the small icy particles suspended in' the elevated regions of the 
^. Seochi concludes that the character of winter clouds in the polar regions is different 
^m that of the ordiniiry clouds, and that the appearance of these latter clouds at the 
>oles is a signal, the harbinger of the fine season and of humidity, whilst the auroras 
^en disappear ; that the aurora does not appear unless when the weather is humid ; 
hat even when the sky in the polar regions appears limpid it is nevertheless filled 
nth small icy particles. The fact that the aurora is contemporary with a very dry 
tmosphere, the temperature of which is below 0°, containing small icy particles, may 
e considered beyond all doubt. 



Proo. Brit, Meteor, Soc., vol. i. 1863. (No. 2, for Jan. 1862.) {rv.) 

(Page 167.) Espy (1834) believes that all the phenomena connected with storms 
o explained by the following theory. When the air in any locality acquires a higher 
mperature or a higher dew-point than that of surrounding regions, it is specifically 
^ter, and will ascend; in ascending it comes under less pressure and expands; in 
panding from diminished pressure it grows colder — about a degree and a quarter fot 
ery 100 yards of ascent; in cooling as low as the dew-point (which it will do 
ben it rises as many hundred yards as the dew-point at the time is below the tempera- 
re of the air in degrees of Fahrenheit) it will begin to condense into cloud ; in con- 
sudng its vapour into water or cloud it will evolve its latent caloric ; this evolution of 
tent caloric will prevent the air from cooling so fast in its further ascent as it did in 
oending below the base of the cloud now forming ; the current of air, however, will 
ntinue to ascend and grow colder about half as much as it would do if it had no 
ipour in it to condense ; and when it has risen high enough to have condensed, by the 
tld and expansion from diminished pressure, one-hundredth of its weight of vapour, it 
ill be about 48** less cold than it would have been if it had had no vapour to condense 
IT latent caloric to give out — that is, it would be about 48^ warmer than the surrounding 
r at the same height; being lighter itAviil ascend and spread out gradually, overlapping 
*age 168) the air all round and causing the barometer to rise around the storm and 
&11 in the centre, and, being under loss pressure, will ascend, carrying the vapour it 
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conttdns with it, and so continue the process of cload-fonnina:. The phenomena of 
tornadoes, hailstorms, and whirlwinds may all be explained by the theory, and whaterer 
cause induces an up-moving current of air in a calm saturated condition of the atmo- 
sphere produces rain. Mackay in a letter describes how, in 1845, during a survey, he 
set fire to a patch of grass, and confined the flames to it Soon a refreshing breese 
sprang up, and a refreshing shower occurred. Gapt A. Mackay afterwards obeerved 
that be noticed the formation of a cloud at the apex of the smoke, and said it suggested 
Espy's theory to him. Accordingly it was determined to put the idea to the test. During 
a period of unusual heat and dryness, and on a cloudless day, we (states Mackay) told the 
(Fage 170) negroes we could bring rain. We set fire to the grass. As the smokj 
column broke the cloud began to form. Then it thundered, and the cloud spread, and 
the rain descended in torrents, though the clear sky could be seen in all directicQi 
under the cloud. We often fired the sawgrass marshes, and whenever there was do 
wind stirring we were sure to get a shower ; if there was wind there would be tbe 
appearance of rain on the horizon. Mr. A. H. Jones says he has performed similar 
experiments with success, and farmers in the dry season frequently fire the grass in 
order to get rain. By means of a nepheloscope Espy made experiments on the degree 
of cold produced, both in dry air and in moist, by sudden expansion from diminished 
pressure. He found that air in contact with water in a closed vessel will not ssUinte 
itself with water, or if saturated will cease to be so after a few days ; that vapoor 
permeates air from a high to a low dew-point with extreme slowness, if indeed ii 
(Page 171) permeates at all ; and that vapour rises into the r^ons where cloodstn 
formed only by being rais^ up by ascending currents of air containing it The 
manner in which up-moving currents of air carry vapour with them may be seen in (he 
formation of cumuli during a hot summer's day, when the summits increase by the 
addition of thin films of cloud, produced by the air immediately above, the dood being 
pushed up, and the cold of expansion from diminished pressure causing its temperatore 
to sink below its own dew-point. Dissolving clouds frequently occasion strong winds at 
the surface of the earth ; they are termed wind-clouds by the farmers in America. Tbe 
air on the outer body of the trade winds is remarkably dry, and thus to some extent 
contribute to the greater height of the barometer there. The upper trade at the 
equator carries very little vapour in it, as, before it rises over the equatorial regions to 
one-third of the height of the atmosphere, nearly all its vapour is condensed intoclonds, 
and therefore, when it rises above the clouds and rolls off to higher latitudes, it carries 
with it but little vapour. In short, the air does not carry so much vapour to hi^ 
latitudes as the air below to the low latitudes, and when it descends to the sor&oe it 
(^Page 172) appears very dry, as its capacity for vapour is greatly increased by the heat 
of compression. Cloud is never formed except in an up-moving current, for air coming 
downwards always becomes drier ; and if it be supposed that cold air in tbe same 
horizontal level should mingle with warm so as to produce condensation of vapoor, the 
evolution of caloric in this air would immediately diminish its specific gravity, and it 
would begin to ascend. Wherever there is an up-moving column of air sufficient to 
form a large cloud, there is of necessity a down-moving current of air all round it; end 
where this current reaches, it is clear, if any clouds existed at first, they are soon dissolved 
by the beat of compression. Were it not for this cause there are large regions of the 
torrid zone which would be covered with eternal cloud. 



Proc, Brit. Meteor, 8oc,, Yoll 1863. (No. 3, for March 1862.) (rtj.) 

(Page 182.) The object of Glaisher's balloon ascent from Wolverhampton on March 
22, 1862, was to determine the distribution of moisture throughout the atmosphere, but 
the balloon failed. 

H'S2 
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Airy, J. B. Proe. BriL ttbUor. 8oc^ yoL I 1863. (Na 8, for June 17.) (rv.) 

(Poffe 365.) Bloxam does not seem to have fixed his attention on the supposed 
srror Lamont endeavonred to correct. I apprehend Dalton's experiments amount to 
ills: '^ In a limited space, of such a form as is very &vourable to the motion of masses 
ir particles of gas, the dry air and the aqueous vapour exist through the whole space, 
aoh exerting the same elastic pressure as if the other was not there." In ordinary 
Page 366) quotation this law has been cited to some such effect as the following : — 
In any spaces we may consider separately the law of distribution of vapour as that of 
n dastic gas, supposing no air present ; and the law of distribution of air as that of an 
kstic gas, supposing no vapour present ; and we may represent the actual state by com- 
nning these two gases in the densities thus indicated.*' For instance, the hygrometer 
howB a great density of vapour near the ground. It has been supposed that the density of 
ipoor in every stratum above it can be computed from that lower density by the same 
iwB as if vapour were the only gas above the ground, disseminating itself by the 
•rdinary laws of gaseous dissemination. I do not know that any one has stated the 
iriociple so broadly ; some have come near it, and I have no doubt it is the latent idea 
vhicb guides many meteorologists. It is against this idea of dissemination that Lament's 
ixperiments are directed. He does not dispute that where air and vapour are mixed 
)ilton's law holds truly, but he shows that the dissemination does not at all take place 
coording to the law of simple elastic gases. A gas, if no other gas were present, would 
nth great rapidity disseminate itself into every chamber connected with the place 
rhere it is set free. Aqueous vapour, there is no doubt, would do so if it were alone ; 
iQt aqueous vapour combined with air will long remain in one place, as if the mixture 
I vapour and air produced viscosity. This is what Dr. Lamont shows. 

Blake, H.W. Proe. Brit Meteor. 8oe.y voLl- 1863. (No. 7, for Maieh 18.) (rv.) 

(Page 331.) Describes cirri seen near Welwyn, Herefordshire, on Dec 14, 1862, 
'hich presented auroral appearances after dark. Coupling this with Glaisher's observa- 
Page 332) tions on the great height of cirri, he suggests that we must look for some 
ther cause for their formation than that of aqueous vapour, especially when the dryness 
od the extremely low dew-point of those regions are likewise considered. [He implies 
lat drri may be simply auroras as seen by daylight]. 

Bloxam, J. C. Proe. Brit Meteor. 8oo^ voL L 1863. (No. 7, March 18, 186a) (rv.) 

{Page 324.) In discussing the occurrence of the black-thorn winter in spring, he con- 
(udes that it is not due to any retrogression in the temperature. We must then seek for 
me other peculiarity that will serve to account for the sensible character of the season, 
[le does not say to what place his observations refer, but I presume it is Newport 
r some place in England. The general principle imderlying the figures and discussion 

of wide application.] What is the hygrometric state of the air? The mean 
mpeiature of the dew-point for the year, which is 43°, occurs on May 12 ; the mean 
due for April is 38**-6, that for May 44**, and the value for April 21 is 38^-9. The 
lily rate of increase for April is 0°'09, and that for May 0°*23-— the mean rate from 
west to highest being 0^*12. On April 21 the dew-point temperature has risen 25 per 
Dt. of its total annual rise, but the atmospheric temperature has risen at the same 
te 39 per cent. On April 21 the humidity is at its minimum value for the year, viz., 
'1. This is the essential fact which solves the problem ; the 21st of April differs from 
^*ry other day in the year in this rc8|X3Ct, and the black-thorn winter reaches its 

333 
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culminating point on this date ; the evaporation produced by this low degree of humiditj 
gives rise to that peculiar feeling of cold which characterises the season. But this 
excessive evaporation depends as much upon the high temperature of the atmosphere ss 
upon the low temperature of the dew-point. The sky is far more clear of cloud than on 
the average, but it is not at its minimum ; the lowest value for this particular is 6*0 on 
{Page 325) Sept. 4. The heat from the sun's rays at this period of the year is great, 
owing to the transparency of the atmosphere and the clearness of the sky; this 
perhaps renders the sense of coldness the more conspicuous and distressing. The low 
value for humidity is thus shown to be the dominating characteristic of the equi- 
noctial winter. At this season of the year a great advance is observable in temperature, 
and the peculiarity of the season is explained by the fact that it is the period of the 
year in which the temperature rises to its highest point with an arctic atmosphere ; the 
temperature continues to rise subsequently as the north declination of the sun increases, 
but this progress in the sun's position brings to our latitude in the temperate zone & 
moist as well as warm tropical atmosphere. The tendency in the atmosphere to flow 
from the north-east quarter is at its maximum intensity on April 19. At the period of 
the year which is under review the source from which our atmosphere proceeds is a 
region of ice, in which the temperature had been much below the freezing-point for 
months, and the vapour of its atmosphere is reduced to its lowest amount prior to its 
(^Fage 326) flowing to the lower latitudes. Similarly, as regards the St. Martin's 
summer the peculiarity of the season is evidently due to some other element thsn 
temperature. Dec. 3 is marked as having the maximum humidity for the year. On 
Nov. 9 the value is 82*6, and this may be n>garded as the day on which the equinoctial 
or St. Martin's summer culminates, because the humidity attains a high and a maxiinam 
value on that day. Excessive humidity and consequent defective evaporation are the 
cause of the sensible warmth which attracts attention. The south-west wind has the 
ascendant during the season. The amount of cloud is great during the season, though 
not at the maximum. The high value for humidity is assuredly the essential meteoro- 
logical characteristic of the equinoctial summer, and this high value seems to be brought 
about in a great measure by the rapid decline of temperature. May the low temperature 
of the atmosphere and the comparatively high temperature of the dew-point be 
explained by the fact that the atmosphere proceeds from higher latitudes than it does 
during our summer, and from a)ld land districts ; but whilst crossing the Atlantic it takes 
{Page 362) up a lar^e luantity of vapour ? (No. 8, for June 17.) Lament's article does 
not afford a definite decision as to the relation of the atmospheric aqueous vapour to the 
air. The aqueous vapour probably does not form an atmosphere totally independent o( 
nor absolutely dependent uix)n, the air ; the vajDour is probably not merely mechaaicsllj 
mixed with the air ; it is probably not chemically combined with the air ; the connection 
subsisting between vapour and air, as the two exist together in the atmosphere, may be 
dependent upon electric conditions. Neither Dalton's theory nor Laipont's theory asMrts 
either the iK)sitive or the negative view of either of the propositions absolutely. It» 
to be remembered that Dalton's theory is not merely a theory ; the laws he announced 
are laws deduced from and clearly indicated by experiment carefully conducted; and 
he deals with the physical results of the combination rather than the law by which the 
combination is efifected. No one perhaps will at present venture to pronounce on the 
essential nature of the combination. Professor Lamont's experiments rather confirm the 
three principal results deduced from Dalton's experiments. " As to the mutual relations 
subsisting between vapour and air, when they are simultaneously present, the experi- ^ 
ments (of Dalton) afford no information." This is, perhaps, not quite a correct state- t 
ment; but what arc the mutual relations indicated by the professor's experiments? Tbey i 
seem to be nothing more than this : — If the portion A of the space AB is occupieil with \ 
air, and the jKu-tion B with vapour, whatever the elastic force of the air may be under 1: 
this arrangement, the amount of that force will bo diminished by withdrawing the \ 
334 1 
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P<ige 363) ^poor from B, and allowing the same air to occupy the whole of the 

pace AB. The interpretation that Dalton gives to the second of the three propositions 

m that when air and vapour are mixed together in the manner (though 

perhaps not in the same degree) that obtains in the atmosphere, neither of 

the two influences the elastic force of the other, or, more correctly, this is 

the result obtained by experiment. He gives no such interpretation as that 

** no mutual relation whatever existed between vapour and air ; " he would 

doubtless have acknowledged such mutual relation as the diagram above refers to. 

Balton's theory does not imply that the atmospheric vapour is sustained in equili- 

briom by itself alone, but that it can attain to a state of equilibrium by virtue of 

its gravity only; and its tendency to acquire equilibrium as an independent agent 

helps to determine its movements and to regulate its quantity in any particular 

locality. The third proposition proi)erly declares that there is indeed always a tendency 

to a normal relation " in so far as that each of the constituents has always a normal 

(tkoagh constantly varying) condition belonging to it ; but this does not ignore the fact 

that neither the normal condition nor the normal relation can ever be reached, owing to 

the law that one of the two bodies is being perpetually exhausted at one \mnt and re- 

prodooed at another, which necessarily leads to this one being always in motion and 

new in equilibrium. It may be strictly true, or it may be true in a limited sense, that 

"a mass of vapour and a mass of air placed in communication with each other 

nutoally preserve a state of equilibrium without the vapour i)enetrating into the air or 

the air into the vapour " ; but this is not contradictory to Dal ton's theory. Dalton 

itates that the two constituents do not readily mix spontaneously ; the professor con- 

tnres artificial means to counteract the natural tendency to mixing ; but Dalton*s 

theory does not gainsay the possibility of doing this. Dalton*s theory is not adverse to 

^ proposition that if air be preserved unmixed in the s|>ace A, and vapour be preserved 

^ the space B, the elastic forces of these two bodies will press one upon the other. It 

^ quite clear that whilst each maintains its own separate position, each must press 

(^age 364) against the other where they come in contact According to Dalton, if as 

much vapour be forced into a limited space as can exist in that space in the form of 

^apour, the quantity that can so exist will not be diminished by forcing air into the 

^^tne space with the vapour, provided the two be intermixed in the manner they admit 

^t Lament's experiments or reasoning are not opposed to this. If vapour is slow in 

USiising itself through the air, and a portion consequently remains unmixed, this 

X>rtion will then be subjected to the pressure of the air, and it may then be condensed, 

^though it could not have been so condensed by its own pressure. A mass or layer of 

^poor may be imagined as held in the grasp, as it were, of the atmosphere, and it 

^ould then comport itself the same as if it were enclosed in an elastic bag ; it would be 

tabjected to the pressure of the atmosphere. It is probable that masses of vapour 

-Pio^ 365) often exist in the midst of the atmosphere mixed with a comparatively 

Oiall proportion of air ; it would then not press upon the atmospheric vapour beneath 

& the same manner that it would do if diffused equally through the atmosphere ; it 

voald press against the surrounding atmosphere, and the atmosphere would not press 

^pon it. The vapour pressure thus transmitted through the atmosphere would not be 

^istinguiahable at the surface of the earth from the air pressure ; we should not be able 

^ detect the vapour existing in this state by any of our instrumental aids at the 

**iTface of the earth. The Dalton law is correct, but a false interpretation has been 

Stcu to it by the invention of hygrometers. The hygrometer detects that portion of 

^e vapour pressure only which arises from the vapour diffused through the air ; and 

^ quantity of vapour in the air is probably always greater than the vapour pressure 

^icates; the air pressure must be to the same extent at least less than the estimate. 

Ilu0 may lead to the conclutiion that the atmospheric vapour is a more powerful agent 

10 giving motion to the atmosphere than it has hitherto been supposed to be. Pure 
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▼apour in the midst of air is subjected to foreign pressure, and It is not gOYemed bf its 
own laws ; if it^be mixed with a comparatively small proportion of air it will be placed 
more or less in the same predicament. If it has expanded itself fully through the 
texture of the air it will then be subject to its own laws ; the pressure it then exercoes 
is the pressure of itself, and of the whole of itself. 



S^cientifir Winian. 



The rapid progress of soienoe now going on is, in part, the result of the 
. great increase in the number of workers. This is accompanied by a larger 
and larger host of scientific serials. The consequence is that the student 
finds an increasing difficulty in ascertaining what has been done, or is in 
process of being accomplished, not only in his own special line of studyi Imt 
also, and more particularly, in such, as do not immediately interest him. 
Every student finds, from time to time, that he has a desire for full informa- 
tion on subjects in these outlying sciences, for the purpose of throwing light 
upon bis special studies. The state of literature is such that he is frequently 
daunted by the difficulties attending his research, or, if he perseveres, he findB 
a great deal of time unnecessarily wasted. The remedy for this is the focab- , 
sation of knowledge round a series of centres. The two main steps in the 
process are, first, collection, and, next, classification. It is with this ulterior 
object in view, that all persons interested in meteorology are earnestly asked 
to forward their names and addresses, particulars as to the work they bavo 
done in meteorological and other sciences, their present lines of study, ways 
in which help is desired, and any other items that may occur to them. These 
details will be classified, and, when the opportunity ofiers, selections from 
them will be published. The Conductor will exercise careful discretion in : 
the selection, as also in the use he may make of the more private details. 
The first list will be published, if circumstances permit, in November, 1883; 
but correspondents are requested to send in answers soon, in order to allow ; 
of ample time for their classification, and for their utilisation in private , 
correspondence in the interests of correspondents. 

In order to prevent any misconception, it may be stated that the Con- 
ductor's object is solely to promote scientific union, and is no way intended 
to be of a charitable nature in any pecuniary sense. If there is a sufficient 
response to these requests, the same line of proceeding will hereafter be 
suggested, from time to time, for the students in other branches of science. 

Newspapers and scientific journals of all countries, willing to help m 
this matter, are asked to make the above requests known to their readers. 

Address, Conductor, * Scientific Eoll ' office, 7 Red Lion Court, Fleet ; 
Street, London, E.C. 

The above notice first appeared iii August, 1882, and has been repeated in the sulwequent , 
numbers. As yet only a few individuals have complied with the request made. It is ' 
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ly from individuals that reliable materials can be obtained ; consequently, if no 
equate response Ib made, no list of the kind proposed will be attempted. 
Coomiunications have been received from Prof. Robert B. Warder intimating that he 
compiling a list of papers relating to the speed of chemical .aetiony and the intensity 
chemical affinities. There are many papers dealing with these subjects which are 
ble to be overlooked owing to the titles being of no assistance. All individuals who 
.ve made observations on the subjects mentioned would help Prof. Warder by com- 
unicating with him. He has two papers on the subject in No. 4 of the ' Scientific 
roceedings of the Ohio Mechanics' Institute.* One is on ' A Criterion for Measure- 
ents of the Speed of Chemical Action ' ; and the second is a summary of ' Urech's 
ivestigation of the Speed of Inversion of Cane Sugar.' Any chemist or physicist 
terested in this subject can have a copy of this number supplied to him gratis on 
>plying to the ' Publishing Committee, Ohio Mechanics' Institute, CinciuDati, Ohio, 
.S.A." There is another reason why such persons should put themselves in communi- 
ition with Prof. Warder through this committee, which is, that it will strengthen his 
mds to carry out an organised enquiry into the subject, should such an enquiry seem 
I practicable as it is desirable. 

We have also recently received the earlier numbers of 'Science,' and take this 
iportunity of drawing attention to it, because it is, we believe, the first weekly periodical 
hich has adopted the methodical arrangement which is advocated by the ' Scientific 
olL' As stated in the prospectus issued in No. 5, " this prominent feature will be 
uticularly attractive to the specialist in whatever branch, as he will at once know 
here to look for the latest information about all the more important work in his own 
Bid of investigation." The reviews are severely critical, yet judicious and fair, being as 
Dsparing in blame as in praise, when each seems deserved ; the articles are of the 
ighest quality ; and the abstracts are compact and pointed, and are drawn up by 
xeialists of high repute. We are glad to see that due prominence is given to the work 
erformed by Grovemment and other orgamsatiops, and would refer to the following 
iragraph as an example, which we hope will be followed in other countries and in 
iho- subjects. The paragraph is from No. 10, published on April 13, 1883, p. 291 : — 
Contagious Diseases of Animals — The subject of the prevention and cure of con- 
igious diseases of animals has for many years been considered in this country. For a 
og time extirpation was resorted to, and with good results, notably in the work of the 
ommission appointed by the State of Massachusetts in 1860, which entirely succeeded 
I freeing that State of pleuro-pneumonia. Of late years inoculation or vaccination 
18 been employed with such success abroad by Pasteur, that we are justified in antici- 
ftting most beneficial results from the prosecution of his methods in this country. 
asteur has been engaged in efforts to establish some law through the agency of which 
idi diseases as pleuro-pneumonia, charbon, foot-and-mouth disease, and other diseases 
r domestic animals, could be controlled and cured. Dr. D. E. Salmon has been 
Eusaing similar experiments under the direction of the U.S. Department of Agriculture, 
loogh necessarily in a more limited way, and has met with such success, that he has 
leat &ith in the result of the more elaborate and extensive experiments which he is 
boot to undertake in the district of Columbia. Commissioner Loring has determined 
> place at the disposal of Dr. Salmon the necessary land, buildings, animals, and 
ppaiatus to enable him to make the proper microscopical observations, and to carry on 
Qy experiments that will tend to establish some economical method by which our 
irmers or breeders may control the diseases of their animals. Dr. Salmon is of 
Mnion that such diseases as Texas fever, charbon, and pleuro-pneumonia are the 
suits of germs which he has found in his post-mortem examinations, and that it is 
■Bible to protect unaffidcted animals from these diseases by dilute inoculation. 
The election of a recorder of economic entomology is another example which we trust 
ill be soon followed in other counties. Mr. S. L. Mosley, Beaumont Park, Hudders- 
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field, is the recorder, and in the ' Naturalist ' for May 1883, he appeals to all Torkshire 
naturalists to help forward this desirable work by sending him notes or specimens, or 
both, of any kind of insect ravages which may come under their notice. He obserrei 
that he can do little without such help, and particularly solicits communicatioos on all 
insects found to be injurious to field or garden crops, such as daddy-long-legs, tumip- 
fiea, beetles, aphides, wire worms, larvas of various kinds, &c. ; also notes of any remediei 
which have been found serviceable, either artificial, as chemical dressings, or natural, as 
the counteraction of other insects, insectivorous birds, &c. Anyone so assisting will 
probably have any report that may be issued sent to him free. Part of the recorder's datj 
is to give advice upon the best known and most simple remedies to all applicants, who an 
requested to accompany their communications with specimens of the insects, as also with 
illustratioDS of the injury done by them. 



Correspondence is invited on Science matters of all kinds. In aU earn 
names and addresses should he given ; hut these unll not he published withmi Ae 
writer's consent. The Conductor wiU not be responsible for the opinions expnmi 
by correspondents. AU communicaiions should he addressed to the Oondnidort 
7, Bed Lion Courts Fleet Street^ London, B.C. 



Replies to questions should be numbered in accordance with the questions to vbidi 
they refer. The contractions following the questions and answers, indicate the clasaof 
notes to which they will ultimately be assigned, and the place where full reference wiU 
be given to the details bearing upon them. The following request and set of questioiii 
are reprinted from the circular sent us by Dr. Kellogg. The numbers in paws- 
theses arc those given in the original, those which precede them are those adopted 
for the * Scientific Roll ' for the purpose of reference. 

H=Homo, or Man. 

CIRCULAR OF INQUIRY BY A COMMITTEE CONCERNING DIPHTHERU. 

Office of the Michigan State Boaitl of fkOk 
Lansing, Michigan, Ottobo', iW. 

Dear Sir, — ^The undersigned, having been appointed a committee of the Michigan SMi 
Board of Health to prepare a paper setting forth what is known concerning Diphtherit, irf 
wishing to maicc their data as complete as possible, respectfully invite your attention i0 tiki 
following questions, and ask that if you have made observations on any of the seTeral pointill 
which attention is directed, you will have the kindness to put the committee in pocsessioo of Ai 
facts observed, by answering, at your earliest convenience, such of the following questions ai fM 
may be able to answer. Facts, and so far as possible personal observations, constitute tiiekiodrf 
information which is considered the most desirable and useful. Those who have made olverfi* 
tions which are not covered by the queations asked below, are also invited to communicit* tkl J 
same to the committee. Please address replies to this circular to John H. Kellogg, M.D., BitA ^ 
Creek, Michigan ; or to Conductor, * Scientific Roll ' Office, 7, Red Lion Court, Fleet Stnt^ ;« 
London, £.C. 

174. (1.) Please state facts concerning instances of marked communication of Diphthernkf 
contagion. (H. 1) 

175. (2.) Have you observed Hporadic cases of Diphtheria which could not fairly be tneiil^.'|| 
any source of contagion ? If so, please give full details concerning such case, stating abo fhfti 
efforts were made to discover a possible origin by contagion; what about visiton frontf^a 
other places ; trunks, clothing, or other packages or articles received, &c. ? (H. 2) 

176. (3.) Please state in full the sanitary condition of the premises where each svch 
case occurred. (H. 3) 
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4.) At or shortly before the time you observed the sporadic cases, if you have observed 
was Diphtheria present in the vicinity or in neighbouring distiicts ? (H. 4) 
b.) If so, how were the ** sporadic cases " situated with reference to the other cases, aa 
irection of prevailing winds, lines of travel, &c. ? (H. 5) 

6.) Have you observed severe and unmistakable cases of Diphtheria which were 
Y contracted from cases so mild that they were not distinguished from ordinary sore 
acute follicular pharyngitis ? If so, please state in full the facts respecting each 
.6) 

7.) Have you observed mild cases of Diphtheria to give rise to the disease in a severe 
ant form ? (H. 7) 

[S.) What were the sanitary conditions (such as water-supply, milk-supply, exposure to 
ic.) where, under your obsei*vation, mild cases of Diphtheria have given rise to severe 
be disease ? (H. 8) 

0.) Have you observed any cases of the disease in domestic or other animals ? (H. 9) 
10.) If you have observed the disease in animals, please state how it was communicated 
whether from human beings or from other animals. (H. 10) 

11.) Have you observed cases in which the disease was communicated to human beings 
:ic or other animals. (H. 11) 

1*2.) Please state results of any observations as to the communication of Diphtheria by 
barges than the sputum, as the fecal or vesical discharges, or by the breath, or other 
13 from the body. (H. 12) 

13.) Please state all facts within your observation which point to the contamination of 
-supply as a probable means of communicating Diphtheria. (H. 13) 
14.) Please state facts within your observation which point to contaminated water- 
a probable origin of Diphtheria. (H. 14) 

15.) If you have observed any such facts, please state what was the probable source of 
lion of the water. (H. 15) 

16.) Please state the facts concerning each case observed by you in which Diphtheria 
lunicated by means of milk. (H. 16) 

17.) What other sources of contagion have you observed, if any? Please state facts 
I each case. (H. 17) 

18.) How long have you known the contagium of Diphtheria to retain its power of 
e^hen confined, as in clothing or bedding, &c., hung in a closet or packed away in a 
H. 18) 

19.) How long have you known the contagium of Diphtheria to retain its power of 
vhen exposed freely to the action of the air, as in the walls of a house? (H. 19) 
20.) Have you known Diphtheria to reappear, without a new importation of contagious 
a house which was suppossd to be thoroughly disinfected ? If so, state what disin- 
ere used and describe carefully the mode of application. (H. 20) 
21.) Please describe methods of disinfection employed in undoubted cases where the 
not reappear. (H. 21) 

22.) Have you observed cases in which the local symptoms of Diphtheria were so slight 
lid scarcely be distinguished from a common sore throat ? (H. 22) 
23.) What symptoms or physical signs do you regard as characteristic of Diphtheria ? 

24.) Have you observed cases in which there was no local expression of the disease in 

? (H. 24) 

^5.) Have you observed cases in which the nervous symptoms alone were present? 

26.) What course do you advise in the interests of public safety respecting the manage- 
case of suspected Diphtheria, when you are in doubt whether it be a genuine case of 
I? (H. 26) 

17.) Please give facts as to relapses, particularly relating to cases in which the relapse 
iiderable time after apparent convalescence or recovery. (H. 27) 
28.) Have you ever observed the occurrence of undoubted Diphtheria a second time in 
)erson ? (H. 28) 

29.) If so, please state the length of time which elapsed between the attacks. (H. 29) 
30.) Please state all iacts under your observation relative to the occurrence of Diphtheria 
[me in the same person. (H. 30.) 

n.) Under your observation, what proportion of persons who escape on full exposure 
iria have previously had the disease ? (H. 31) 

32.) Please state all the facts (relative to age, intervals between attacks, severity of 
ttack, other exposures, &c.) as to previous attacks of Diphtheria, concerning persons 
have observed to escape the disease when fully exposed. (H. 32) 
)3.) Please state all other facts, imder your observation, relative to immunity from 
I among persons apparently exposed to the disease. (H. 33) 

34.) What proportion of the mild cases of Diphtheria observed by you have been of 
der ten years of age ? (H. 34) 
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* 208. (35.) What proportion of the tevere cases of Diphtheria cbseired bj 70a have been of 
persons under ten years of age ? (H. 35) 

209. (36.) What proportion of the cases of Diphtheria observed by you in persons aged mitr 
ten years hare proved fatal ? (H. 36) 

210. (37.) What proportion of the cases of Diphtheria bbserved by yon in persons aged mr 
ten years have proved fatal ? (H. 37) 

John Avert, M.D. { 
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Part ni. of the ' Scientifio Boll ' will be oommenced, if life and health be granted to 
the CJonductor, as soon as a sufficient number of subscribers' names have been reoeivad. It 
will comprise the whole of Vol. IT. of the ' Scientific Boll,' and will be issued to subscriben 
at home for 7s. 6<i., and to those abroad for 10s. In order that the Biblic«raphy mi^ be as 
full as possible, authors and publishers are respectfully solicited to send copies (^ or !»• 
ferenoes io^ all their publications dealing with the barometrical condition of the air. 

As soon as 200 persons have ezpr^sed a wish to subs(^be for any one of the sabjeeti 
mentioned below, the publication of that section of the 'Scientific Boll * will be fbrthwifli 
commenced. The subscription price will be 7s. 6(2. and 10s. for each volume, aocooding is 
the residence of the subscriber is at home or abroad. Each yolume will contain about 
400 pages ; and each volume will, in most cases, contain two or more parte, eaoh of which 
may be subscribed for separately. The extent of these parts will depend upon the 
amount of matter in hand, so that the subscription price cannot be fixed at present, but vill 
be decided upon when the publication of each part is commenced. The following is a U^ 
of the principal subjects : — 

Atmosphere, Water, Ocean (5), Bivers, Lakes, Springs, Floods, Olaciers, Land, Elevatioi 
and Subsidence of Land and Sea-Bottom, Denudation, Orography, Earthquakes, Votoanoci^ 
Earth Magnetism, Terrestrial Heat, Marshes, Minerals, Stratigraphy, Books, Planls «M> 
rally and in classified groups ; Animals generally ; Protozoa, Actinozoa, Hydrosoa. BehtHh 
dermata, Crustacea, ^olecida, Annelida, Mollusca, Myriapoda, Arachnida, Bhyndiolii, 
Orthoptera, Diptera, Coleoptera, Lepidoptera, Neuroptera, Hymenoptera, Pisces, Amphibii^ 
Beptilia, Aves, Mammalia, and Man. 

Subscribers' names only are asked for now. The sending of these will not involve «9 
pecuniary liability, but will simply be taken as implying tliat the sendera take an intend 
in the work, and will probably undertake to subscrioe when asked to do so. At thenKxnnt ^ 
of going to press the subject for which the largest number of names has been received ii h 
Ocean. - 

The Oonductor is very desirous of continuing the publication of his work, but he is both 
unwilling and unable to do so if such continuance involves a pecuniary loss. He his as 
desire to claim any merit for what he has done beyond what he may deserve, and as soot 
guarontoo that he is able to perform what he undertakes to do, he would refer to the etefg 
numbera of the * Scientifio Boll' now published. If it is considered that such a woikw 
bo of auy advantage to scientific research, it is to be hoped the requisite support will noitt 
withheld until it is too late ; if the work is useless or radically defective, then the aofliff ^ 
it is terminated the better. It seems certain, however, that if not called for now, a «b^ !^ 
conducted upon a similar plan will be called for beforo many yeara have passed. lad j 
probability the prosecution of the task will then be more difficult and more expeDOV^ j 
In the present state of the case a few hundred subscribera only will suffice to establish Ai | 
work on a safe basis, and allow of a quicker publication. ^ 
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iQUSOnS VAPOUR 1863. Lamont NOTES. 

Ijamont, Profl Proc. Brit, Meteor. Soc., rol. i. (No. 6, published Jan. 21, 1868.) 
Translated by W. T. Lynn. From Phil, Mag., Not. 1862 (rv), 

{Page 311.) We are now arrived at a point in meteorolo^ where it is absolutely 
necessary to come to a definite .decision as to what is the relation in which the 
aqtieoos vapour existing in the atmosphere stands to the atmosphere itself. Does 
tbe aqueous vapour form an atmosphere itself, independent of the air ; or is it 
iserely mechanically mixed with the air, so as only, as a gas standing in mechanical 
tdation to the air, to increase the volume and the weight of the atmosphere ? I 
think I have arrived at a decisive result — one which is opposed to the generally 
pKerailing views of physical geographers and meteorologists. Nothing of import- 
iQoe has been added to Dalton's theory of the action of aqueous vapour by later 
ttrestigators. Dalton's experiments tend to the foUowing results : — 1. In space 
4iiitate of air the evaporation of water goes on only until the vapour has attained 
I determinate expansive force, dependent on the temperature ; so that in every 
fMiee void of air which is saturated with vapour a determinate vapour pressure 
eocresponds to a determinate temperature. 2. In space fiUed with air the same 
(Ptige 312) amount of water evaporates as in space destitute of air ; and precisely 
tke same relation subsists between the temperature and the expansive force, 
vlieiher the space contains air or not. 3. The evaporation of water goes on rapidly 
in tgmoe devoid of air, but very slowly in space filled with air in a state of quies- 
ceooe ; and even when it is assisted by a tolerably brisk motion of the air a con- 
■dsmble time is notwithstanding always required. In this way are the development 
nd extent of aqueous vapour, in space void of air and space filled with air, deter- 
■ined by means of Dalton's experiments ; as to the mutual relations subsisting 
between vapour and air, when they are simultaneously present in the same space, 
tlM experiments afford no information ; and this deficiency Dalton supplied by 
pfiog to the second of the above-quoted propositions such an interpretation as if 
BO mittual relations existed between vapour and air, and as if they remained near 
Mdi other without producing the slightest mechanical effect upon one another. 
Bis strange that philosophers have accepted this theory without remarking that it 
ttttititutes only a possible result of the experiments ; and that meteorologists have 
tieited it as available for application to the aqueous vapour of the atmosphere, and 
^?e supposed an atmosphere of vapour to exist independent of the air, notwith- 
teding that the third of the above propositions properly declares that there is 
iBdeed always a tendency to a normal relation, which is conceived to be in a state 
of restoration, but which is never reached, because, in consequence of the changes 
ooostantly taking place, the requisite time to produce an equalisation is never 
•ff:)rded. Objections have from time to time been brought forward to the existence 
of so atmosphere of vapour independently subsisting. Bessel has (' Astr. Nachr.,' 
No. 236) adduced the consideration that in such a vapour atmosphere the expansive 
^>rce of the strata incumbent upon one another must diminish according to a certain 
proportion, but that from different observations it may be concluded that this pro- 
E>ortion does not really exist. The experiments of Broun in Makerstoun (Report 
ko Sir T. Brisbane) and Jelinek in Prague (* Denk. Wien. Akad.,' vol. ii.) proved 
'Jiat in different localities situated very near together, where the same reading of 
:he barometer is observed, a very different vapour-pressure may be indicated. Espy 
)pposed the theory, and exposed its defects, without furnishing a precise refutation. 
' believe I first brought forward a proof of its incorrectness in 1867, when I showed 
Pafft 313) by means of observations extending through many years, that in a small 
apour-pressure the mean reading of the barometer stands quite as high as in a 
reat vapour-pressure ; at the same time I contrived an easily-performed experiment 
1 which, contrary to Dalton's theory, a mass of vapour and a mass of air placed in 
>mmumcation with each other mutually preserve a state of equilibrium without 
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place us in a position to calculate the pressure which the vapour contain( 
atmosphere would exert upon the earth's surface ; but the value deteriiiin( 
manner amounts only to the fourth part of the pressure actually assignc 
psychrometer. Nevertheless we find in the most recent times that the pr 
the dry air and the pressure of the vapour atmosphere are kept distinct, 
way of removing the rooted ideas based on Dalton's laws is to prove that 1 
themselves contain an essential error. Air and vapour spread into each o' 
extreme slowness ; it is mainly the circulation of air that carries off th 
from the evaporating siurface ; one would almost believe that the individ 
cule of air must come to the surface of the water to take thence the moisi 
to the chloride of calcium to give up to it the moisture ; the expansive for 
vapour itself is in every case a matter of small influence on its diffusion L 
Now, if we take a closed tube ABCD, fig. 1 , filled with air, and introduc 

Q^ ,£> quantity of water through an aperture near A, which is imi 

afterwards closed, into the bottom AB of the tube, the wat< 
gradually to evaporate, and the vapour ascends after the expira 
certain time up to ab. How theH will the pressure be distribu^ 
the interior sides of the tubes? If the vapour and air exert i 
pressure upon one another, the expansive forces of the air an 
vapour will act together in such a manner that an amount equa 
sum will press upon all points of the interior wall ; and if we ti 
rately the pressure peculiar to the vapour alone, it is precisely as 
if the mass of vapour was uniformly distributed in the whole space ABCD. 
different state of things will result if the view set up by Dalton is well foun 
as, according to this view, the vapour diffuses itself in the interstices of the i 
of air without producing any mechanical effect upon the molecules thems 
pressure at all can be produced upon the interior side of the tube by tl 
sive force of the vapour under the circumstances indicated above, and no 
takes place until the vapour reaches the upper surface CD. The state < 
here indicated is only a transitory one ; a similar state may, however, 
permanent by maintaining in the lower space A^ab a higher and in the up 
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NOTES. 



hile the Tapour passing into the space ahCD with the force (Q ■¥ f(t) innst be 
omediately condensed. Thence it immediately follows that if the temperature 

of the upper space remains constant, while the temperature of the lower space 
radually increases, the pressure upon the upper surface CD is increased, according 
> Dalton's theory, only by the expansion of the air, but not by the newly 
>rniing vapour itself ; whereas, according to my hypothesis, besides the effect 
hich is produced by the expansion of the air, a very considerable augmen- 
Fage 315) tation of the pressure arises from the newly-formed vapour. As we 
m imitate these conditions, we have a simple means of deciding as to the 
jrrectuess of Dalton's theory. I selected the foUowing experiment : — A glass 
ibe, bent in the form represented in Fig. 2, was provided at one end with 

globe K, whilst the other end e was left open ; in the straight part de it 
^as made to contain a drop of quicksilver q. The curved part ckd of the tube 
'as plunged into a vessel BB filled with clear water ; into the vessel AA, where 
iie globe K was placed, cold and warm water could be poured. The globe K was 
rst filled with dry air, and the experiment showed that if the temperature was 
icreased from 67° '3 to 126° the drop of quicksilver moved forwards by 12*224 in. 
Hiring this experiment a thermometer placed in the vessel BB stood at 59**. 
iterwards the globe was opened by breaking off the fine point a, some water 
itroduced, and the point again joined on by melting. Again cold and warm water 



! r 



I 
y^ 



9^ 






■> 



B 



Cc 



h 



I 
» ^ 



B 



J 



» 

I 



F^g.2. 



rere poured into the vessel AA, while the temperature of the tube remained 
naltered, by which means, according to the theory of Dalton, a rise of temperature 
com 67* '3 to 126° -would, if the vapour had not penetrated in the tube up to the 
rop of quicksilver, move the latter, as before, 12*224 in., and if the vapour had 
o penetrated, at the most ^^th further ; instead of which the motion actually 
iroduced amounted to nearly the double of this. It resulted from accurate 
neasurement that the 12*224 in. were passed over as soon as the temperature had 
leen raised from 67° '3 to lOF-5. A second glass tube was employed of a similar 
orm, but with a smaller globe, and with this, as long as there was only dry 
ir in the globe, an increase of temperature from 64'**4 to 131" '5 occasioned 
a the drop of quicksilver a motion of 13*706 in. ; but after a small quantity 
if water had been introduced into the globe, the quicksilver moved the same 
listance when the temperature was raised only from 64° *4 to 102^ As it 
night be imagined that it was possible that after a longer interval of time 
he vapour would extend up to the d^p of quicksilver and then produce 
Page 316) a different result, the globe was left for a whole hour in warm water, 
mt the position of the water remained unchanged. Also, after the termination of 
he experiment, neither in the first nor in the second tube could a trace be per- 
eived of the vapour having passed down into the bent part between c and d^ so 
bat it probably penetrated into the tubes not at all, or only to a small extent. 



AQTTEOnS VAPOITR 1864. Buohan. 

On thiB supposition the observed effect would require the condasion 
increase in the ezpansiye force of the dry air in a change of temperature i 
to 126° is precisely as great as the increase in the expansive force of t 
the aqueous vapour in a change of temperature from 67^*3 to 101^*5 
also agrees exactly, for the former increase is calculated to be '119, and 
amounts to — 

For the air 0*070 

For the vapour 0*048 

Therefore, together 0*118 
In the second experiment we have the increase of the expansive force — 

For dry air from 64°*4 to 131 °*6 0*076 
For vapour „ „ 0*052 

Therefore, together 0*128 

little differing from the preceding number. I repeated the experiment in i 
(Page 317) form, calculated to give more accuracy. The result was sul 
the same. The conclusion is, that the air exerts a pressure upon the va 
the vapour upon the air. I hope at a future opportunity to show that the 
must be regarded as adhering to the molecules of air, and that the p! 
admit of a simple explanation by means of a natural hypothesis cona 
expansion of dry and wet molecules of air. If it be desired to apply th< 
the circumstances of the aqueous vapour in the atmosphere, it is in the 
to be inferred from that (since the diffusion of the vapour in the air ti 
(Page 318) but very slowly, and since in different places, according to 
perature and the magnitude of the surface of water exposed to the 
different quantities of vapour pass into it), in regard to the humidity o 
strictly speaking, no relations subsist conformable to any law. Of c< 
continually existing currents of air occasion a complete mingling of th( 
less dry masses of air ; but this takes place in no uniform manner, and 
no exact relation of dependence exists between the degrees of humidity ii 
points of any space. But particularly the idea of an atmosphere of va 
sisting independently by itself appears to be inadmissible, and the data 
by the psychrometer can no longer be regarded in any other light tl 
expression of local humidity. 

Speke, J. H. Joum. Roy, Geog, Soc.f vol. xxxiii. (1863) (r#). 
(Page 333.) In Africa, beyond 3° lat. both north and south, the land is i 
continual droughts for five, six, or more months in the year, which last i 
cally longer as the distance increases from the equatorial zone. The rain f< 
sun, and the opposite region is dry. 

1864. 
Buchan, A. {B. 1864, l.) 

Monthly means will not serve for ascertaining when are the periods t 
begin to disperse and when brighter skies take their place. In Scotlan 
(Page 9) doubt in other places under like conditions] the highest temperati 
in the broad plains, particularly those which are bounded on the south-wes 
and extensive ranges of hills, which bv more effectually draining the » 
winds of their moisture, clear the skies of clouds, and thus allow freer ] 
(Page 137) the sun's rays. When the air is clear and transparent, but los 
much moisture in an invisible state — in other words, when the dew-point 
the invisible particles of water offer a powerful obstruction to the free pass; 
caloric of radiation, in much the same way as stones in the channel of a riv 
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iia ooune ; ao that in a moist though perfectly clear atmosphere the process of 
radiation proceeds at a very slow rate. Let, on the contrary, all or nearly all the 
vapour be drained out of the air, the escape of heat from the earth's surface by 
radiation would then be so swift and great that the temperature would fall low 
(Pcige 149) enough to destroy life. For turnips the weather should be mild and 
dry, during the middle of May [Scotland being the country specially alluded to] to 
the middle of June, when they are sown ; moisture and warmth are required in 
their brairding, and their growth towards the time for singling. At singling and 
after-growth the weather should be dry and warm. These include the second half 
of June and most of July. From July to October the weather should be showery 
at intervals. For cereals, the sowing month of March for oats, and April and half 
of May for barley, should be cool and dry. In the after-growth of wheat, barley, 
and oats, till the blooming season in July, the weather should be dropping and 
warm. The blooming season in July should be dry, warm, and calm. After that, 
till within a month of harvest, at the end of August or beginning of September, there 
should be showers and warmth. During the period from that to and after harvest 
it should be dry and hot. 

1865. 
Becquerel, A. C {B, 1865, 1.) 
[The name is misprinted Becqueral in the place cited. The paper is translated 
from ' Comptes Rendus,' Ix. p. 136.] The influence of forests on climate depends 
(Page 235) in part on the process of evaporation possessed by the leaves. Evapora- 
tion from the leaves is a constant and active cause of himiidity, which a little 
lowering of the temperature condenses into vapour [as the translation has it] ; and 
the water which is thus produced tends to keep the soil moist. The effect which the 
(Page 236) cutting down of forests has on the sources and volumes of the rivers 
which water a country is too important an element to be lost sight of. The difficulty 
of discovering the causes of these effects is sometimes so great that we could not 
predict whether a particular spring or river would be increased by cutting down a 
forest and bringing the soil under cultivation. Forests contribute to the sources, 
not only by the humidity they cause and the condensation of vapour which accom- 
panies it, but also by the obstruction they offer to evaporation from the soil ; and it 
may be remarked that the roots of the trees, by breaking up the soil, render it more 
(P<Mge 237) porous, and thus facilitate the process of infiltration. In considering the 
important question of the influence which the cutting down of woods has on springs 
and rivers we arrive at the following conclusions : — 1. Extensive clearings of wood 
lessen the volume of the rivers which water a country. We are not yet able to 
decide if this diminution is to be attributed to a less quantity of rain falling annually 
<ar to a more active evaporation, to both causes combined, or to a different distribu- 
tion of the rainfall. 2. Cultivation carried on in a dry and rainless region lessens 
the amount of spring- water. 3. In countries which have not undergone any change 
in the amount of land under cultivation the quantity of spring-water appears to be 
always the same. 4. Forests, in the better protection they afford to springs, 
husband the water and regulate its flow. 5. The humidity is increased by forests, 
and the roots of trees render the soil more pervious to the rain-water. 6. Clearings 
in mountainous countries exercise an influence on the sources of the water supply 
and on the rivers. 

Buchan, A. {B, 1865, 4.) 

(Pftge 200,) From the observations collected [on the storms of Europe towards 

the end of 1863] we learn that as long as the barometer did not fall below the 

mean there was no continuous rain anywhere ; but blue sky, varied with sky 

partially clouded or with fog, prevailed. When, however, the barometer fell in the 
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west, the sky began to be obscured and showers to fall at intervaLs. When the 
centre of the storm had passed, or the barometer had begun to rise, the rain 
became less heavy, the clouds began to break up, and fine weather, ushered in with 
(Page 228) cold breezes, ultimately prevailed. Oats require a lower temperature 
{Page 229) and more moisture to bring them to perfection than wheat or bariey. 
{Page 230) The greatest number of victims to consumption [in Scotland in 1864], 
and perhaps also brain diseases, occur in spring, when the air is driest ; and the 
least nimiber in October and November, when the humidity of the air is greatest 

Forbes, C. Joum. Roy, Geog. Soc.y vol. xxxiv. (1865) {np). 

(Page 157.) In Vancouver Island the ordinary course of the seasons is u 
follows. After the gales with rain, which generally mark the period of the equinox, 
fine clear weather sets in, and continues tiU about the middle of November. Then 
the rains set in. 

Palgrave,W, G. Joum, Roy. Geog. Soc,, vol. xxxiv. (1865) (r<p). 

(Page 136.) In the Nejed between March and November the fine weather is 
uniformly clear and dry. 

Watts, H. (5.1865,14.) 

{Page 1(X).) The action of the sun upon the water at the surface of the earth 
causes a natural process of distillation upon an enormous scale to be always going 
on. The water evaporated from the earth's surface rises in the air as vapour, and 
being afterwards deprived of its heat of vaporization, partly by radiation into space, 
and partly by contact with mountain-summits or with the cold air existing at high 
elevations, returns to the earth in the various forms of dew, mist, rain, snow, hail, etc 
In this way an immense quantity of water is being continually lifted from the sea- 
level, a large portion of which does not fall again directly into the sea, but being 
deposited on elevated portions of the land, becomes the mechanical source whence 
rivers and streams are supplied. The watery vapour which reaches the higher and 
colder regions of the atmospliere is there condensed into snow. This, as it falls again 
towards the earth, returns to the condition of water, if the air is sufficiently warm 
to liquefy it ; but part of it reaches the earth unmelted, and that which falls upon 
regions whose temperature is below 0^ C. accumulates to form the masses of ice 
known as glaciers. 

1866. 
Buchan, A. (B. 1866, 2.) 
(Page 352.) [Since the bibliography was published the facts have been entered 
from an earlier source, so that this bibliographical reference should be cancellei] 

Home, D. Milne. {B. 1866. 6.) 

{Page 330.) Evai)oration will take place much more rapidly from a soil that w 
bare, or partially so, than from a soil that is well clothed with grass. I filled tvo 
zinc boxes with sandy loam and with strong clay, and adjusted them on a bahmce. 
Into each the same quantity of water was put. The thermometer in the sandy 
loam was lowest, and in less than a week this box rose above the other with day, 
in consequence, I suppose, of more water having been evaporated from it. 

Mitchell, A. {B. 1866, l(>.) 

(Page 303.) Little ragged clouds, something resembling uncut horsetails, are ^ 

called 'fillie-tails,' and forebode windy weather when they seem to come from the . 

south — ' 

When frae the south whusk fiUie-tails, 

Then high ships wear low sails. \ 

(Galloway.) I 
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K's Ark. — In the winter season — for the ark is not common in any other^ 
he sky is clear and the weather frosty, carious light grey clouds, in the shape 

will oft arise from a point in the horizon, and stretch over the sky to its 
;e point on the other side. These cloudy ribs narrow in bulk towards the 
I, and are at the widest right over our heads, or in the zenith. In this form 
(04) it will appear for a day together or even longer. What is singular, too, 
Ave no half-arks ; the one half never sinks below the horizon, and leaves the 
lalf alone. We have it as if it were calculated to appear in our latitude and 
de ; for it be^<ins to form, comes to perfection, and vanishes away aU in our 
When seen in frosty weather — and it generally is — weather-wise folk 
sticate a thaw, instantly attended * wi' an awful spate.' The ark is a great 
gn. The ark is not always regarded as a forerunner of bad weather. When 

north and south, the aftercome is not so much dreaded as when it is stretched 

n any of the other points. (Galloway.) 

f€ 305.) Clear to the south will drown a ploughman. (Berwickshire.) 

Grumphie smells the weather, 
And grumphie sees the wuq\ 
He keDs when cluds will gather 
And smoors the blinking sun. 

(Galloway.) 
[? Should it not be smoor,] 

Semenof. Joum. Boy. Geog, <5oc., toI. xxxv. (1866) (r«/>). 

ie 226.) Dry atmosphere has the effect of raising the snow-line. Hence the 
on of this line above the normal altitude for the latitude indicates a dry air. 
227) Rhododendrons mark a moist atmosphere. 

Temple, R. Journ. Roy. Geoff. Soc., vol. xxxv. (1866) (r*/;). 

/f- 71.) On the plateau of Chutteesgurh the soil is so moist that the sugar 
an be grown without irrigation. It is itself destitute of wood, but is 
nded by forests. 

ft 

Wilson, J. Pox. Joum. Boy. Geog. Soc.j vol. xxxv. (1866) {rsp). 

'' 113.) During the year 1862 a severe drought prevailed throughout Cape 
114) Colony and South Africa. Livingstone refers to the dry season in the 
in country, and mentions, as indicative of the dryness of the air, that needles 
ut of doors for months did not rust ; that a mixture of sulphuric acid 
iter parted with its water to the air ; that the leaves of indigenous plants 
rooping, soft and shrivelled ; and that the leaves of mimosse were closed by 
well as by night. 

1867. 
Blackmore. R. D. Symom's Meteorol. Mag., vol. ii. (1867) {np). 

v' 81.) Teddington. On the evening of July 24th there was noticed a very 
r appearance in the south-east after simset. The sky was chiefly overcast with 
lisplay of red streamers all over the east and south ; but in the south-east 
beautiful fan of blue divergent radii, rising 30° above the horizon, and 
g across the redness like a windmill with blue sails. On the night of the 
lere was a tremendous downpour of rain. 



1 



Brumham, G. D. Symom's Meteorol. 3fag., vol. ii. (1867) {np). 

e 40.) [He conjectures that there may be a 29-year period in meteorology^ 
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and he extracts from Whiatlecraft's works all the cases that appear to indicate this. 
Those only are given here which refer to dry weather.] 



17<6. An exceedingly hot and dry summer. 

1747. Dry season. 

1759. A hot smnmer and dry. 

17<>0. Very hot and dry summer. 

1 7<»2. A very hot and dry summer, and a 

very dry year. 
17<)5. A very dry summer, and often very 

hot. 
1771. A very dry summer and year. 

1775. A hot and dry summer. 

1776. Chiefly dry and fine from May. 
(Page 41.) 

1781. A hot, dry summer. • 

1793. Intensely hot and dry part of sum- 
mer. 

1802. Hot and dry two months of the 
summer (August and September). 

1818. A remarkably dry ana hot summer. 

1819. A hot and dry summer. 

1822. Great heat and drought part of sum- 
mer. Very fine till October. 

1884. Sharp drought in spring and greater 
part of summer, and generally very hot. 

1835. A very hot and dnr summer, and very 
great drought in July and August 



1775. Summer dry and hot. 

1776. Chiefly dry and fine from June. 

1788. A hot summer and dry year. 

1789. Kather wet summer. 

1791. A very hot and dry summer, and a 

very dry year. 
1794. Rather a dry summer and very hot 

from June 12th to July 18th. 
1800. Excessive drought from June 22iid to 

August 19th. 
1804. Extremely hot and dry in September. 
1806. Very hot. 

1810. A dry year to October. 

1822. Great heat and drought part of sum- 
mer. 

1831. Hot and dry two months of the sum- 
mer (July and August). 

1847. A remarkably dry and hot summer. 

1848. A wet summer. 

1851. Great heat and drought part of som- 
mer. Very fine till end of October. 

1863. Sharp drought in spring and summer, 
and generally very hot. 

1864. A very hot and dry summer, and 
very great in July and August. 



1867. 

Buohan, A. {B, 1867. 3.) 

{Page 3.) The hygrometer is an instrument of great value in meteorology, 

{Page 4) as indicating the quantity of vapour in the air, and inferentially the 

changes of weather depending thereon. t>e Saussure may be considered the fonnder 

of this department of meteorology by his researches. Pictet made valuable obier- 

vations on dew. Patrick Wilson missed the point of the argument in continuing 

{Page 5) to entertain the notion that the cold accompanying dew was after, insteid 

of before, its deposition. Dr. Wells collected the observations into a coherent 

whole, and accounted for them by his theory of dew, which all succeeding inqoixy 

has confirmed. His * Theory of Dew,* published in 1814, must always be regudad 

as one of the greatest contributions made to meteorology. Dr. Wells msdethe 

discovery that during those nights when dew is deposited, the temperature of bodiai 

on the earth's surface is colder than that of the surrounding air. In 1823, DtnieQ 

discussed in his ' Meteorological Essays ' the hygrometry of the atmosphere and 

evaporation. Hygrometry is indebted to him more than to any other philosopher. 

The law of the diffusion of vapour through the air, its influence on the barometric 

pressure, and its relation to the other constituents of the atmosphere, are among the 

least satisfactorily determined questions in meteorology. Since this element is bo 

important as an indicator of storm and other changes of the weather, it is to be 

hoped it will soon be more thoroughly investigated. A most important addition 

to our knowledge of the atmosphere was made in 1862 by Prof. Tyndall, in hii 

{Page 6) experiments on radiant heat, especially as regards the gases, by which it 

is shown that the vapour of water exerts extraordinary energy as a radiant snd 

absorbent of heat. It is to be expected that the relations of atmospheric vapour 

will soon be turned to account in explaining many questions of meteorologicil 

{Paxje 24) inquiry. The barometer is influenced to a large extent by the elastic 

force of the vapour of water, invisibly suspended in the atmosphere, in the same 

way as it is influenced by the dry air. But the vapour of water also exerts a 
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ressure on the barometer in another way. Vapour tends to diffuse itself equally 
trough the air ; but as the particles of air offer an obstruction to the watery 
tLrticles, about 9 or 10 a.m., when evaporation is most rapid, the vapour is 
cumulated or pent up in the lowest stratum of the atmosphere, and being 
ni>eded in its ascent, its elastic force is increased by the reaction, and the baro- 
leter consequently rises. When the air falls below the temperature of the dew 
oiiit, part of the vapour is deposited in dew, and since some time must elapse 
efore the vapour of the upper strata can diffuse itself downwards to supply the 
eficiency, the barometer falls most rapidly at 10 p.m., when the deposition of dew 
i greatest. As regards vapour in the atmosphere, the barometer lb subject to two 
laxima and minima of pressure — the maxima occurring at 10 a.m., when, owing 
rapid evaporation, the accumulation of vapour near the surface is greatest, and 
ibout sunset, or just before dew begins to be deposited, when the relative amount 
)f vapour is greatest ; and the minima in the evening, when the deposition of dew 
Ls greatest, and before sunrise, when evaporation and the quantity of vapour in 
the air is least. Thus the maximum in the forenoon is brought about by the rapid 
evaporation arising from the dryness of the air, and the increasing temperature. 
But as the vapour becomes more equally diffused, and the air more saturated, 
evaporation proceeds more languidly ; the air becomes more expanded by the heat, 
and flows away to meet the diurnal wave of cold advancing from the eastward. 
Thus the pressure falls to the afternoon minimum about 4 p.m. From this time 
the temperature declines, the air approaches more nearly the point of saturation, 
and the pressure being further increased by accession of air from the warm wave 
nov considerably to the westward, the evening maximum is attained. As the 
deposition of dew proceeds, the air becomes drier, the elastic pressure of the 
vapour LB greatly diminished, and the pressure falls to a second minimum about 
{Page 25) 4 a.m. The amount of these daily variations diminishes from the 
equator towards either pole, for the obvious reason that they depend, directly or 
indirectly, on the heating power of the sun's rays. Thus, while at the equator the 
daily fluctuation is 0-125 in., in Great Britain it is only a sixth part of that amount. 
It it very small in the high ktitudes of St. Petersburg and Bossekop ; and in still 
higher latitudes at that period of the year when there is no alternation of day and 
Bight, the diurnal variation probably does not occur. In the dry climate of 
Barnaul, in Siberia, there is no evening maximum ; the lowest minimum occurs 
It early as midnight, and the only maximum at 9 a.m. So far as the dry air of the 
itmosphere is concerned, the atmospheric pressure will be least in the summer and 
i^Mtest in the winter of each hemisphere [warm and cold hemispheres north and 
lOttth]. But the production of aqueous vapour by evaporation being most active 
in summer, the barometer will be much increased from this cause. As the aqueous 
I'apour is transferred to the colder hemisphere it will be there condensed into rain, 
Mid being tlrereby withdrawn from the atmosphere, the barometer pressure will 
b« diminished, but the dry air which the vapour brought with it from the warm 
[Page 26) hemisphere will remain, thus tending to increase the pressure. The 
urometer is high at Calcutta in January, owing to the dry, cold, dense air of 
Central Asia being conveyed southward over India. At places where the amount 
»f vapour in the air varies little from month to month, but the variations of 
emperature are great, the differences between the summer and winter pressures are 
ery striking. Thus, at Barnaul and Irkutsk, both in Siberia, the pressures in 
uly are respectively 29*243 and 28267, and in January 29897 and 28*805, the 
ifferences being upwards of six-tenths of an inch. The great heat of summer in 
iberis causes the air to expand and flow away in all directions, and the diminished 
•easure is not compensated for by any material accession being made to the 
neons vapour of the atmosphere ; and, on the other hand, the great cold and 
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little rain in that region during winter causes high pressures to prevail during that 
season. The same peculiarity is seen, though in a modified degree, at St. Petersboig, 
Moscow, and Vienna. At Reykjavik, in Iceland, the pressure in June is 29*717, 
and in December 29*273 ; at Sandwich [ = Sandwick], Orkney, 29*776 and 29*586; 
and at Sitcha [-Sitka], in Russian America, 29*975 and 29*664. In all these places 
the distribution is just the reverse of what obtains in Siberia, being least in winter 
and greatest in summer. The high summer pressures are due to the cool summer 
temperature as compared with surrounding countries ; thus causing an inflow from 
these regions ; and to the large amount of vapour in the atmosphere, thus still 
further raising the barometric column. On the other hand, the low winter 
pressures are due to the high winter temperatures, causing an outflow toward 
adjoining countries, and the large winter rainfall, which sets free great quantities 
of latent heat. The variations in mean pressure are very slight, and not marked 
by any decided regularity in their march through the seasons, at Dublin, Glasgow, 
London, Paris, and Rome. As compared with Barnaul and Reykjavik, their 
temperature is at no season very different from that of surrounding countries, and 
the rainfall and vapour are at no time much in excess or defect, but are more equally 
(Page 48) distributed over the different months of the year. The temperature of 
plants exposed to the sun's rays is not so high as that of the soil under the same dream- 
stances, partly because a portion of the solar heat is lost in the process of evapora- 
tion from the pores of the plants. Evaporation goes on slowly from damp ground 
under the trees, being screened by them from the sun's heat. But since the air 
among the trees is little agitated or put into circulation by the wind, the vapour 
which arises from the soil is mostly left to accumulate above it. Hence, though 
exact observations are wanting to settle the question, it is probable that forests 
diminish the evaporation and increase the humidity. It is not deposited in cloudy 
weather because the clouds obstruct the escape of heat by radiation into space ; nor 
in windy weather, because wind constantly renews the air in contact with the ground, 
and thus prevents the temperature from falling sufficiently low. No dew is de- 
posited on the surface of deep water, because its temperature scarcely ever falls 
below the dew point. When the temperature is below the freezing point the dew 
(Page 68) freezes as it is deposited, and hoar frost is produced. The sp>ecific gravity 
of the ocean is high where the evaporation is great, as in the region of the trade 
(Page 7^) winds. The equatorial current [wind] losing heat as it proceeds on it* 
(Page 75) course is thereby brought nearer the point of saturation, and consequently 
becomes a moister wind ; while the polar current, gaining heat in its progress 
towards the equator, becomes a drier wind. The chief effect mountain ranges have 
on temperature is to drain the winds which cross them of their moisture, and thus 
to cause colder winters and hotter summers in places to the leeward, as compwed 
with places to the windward, by more fully exposing them to both solar and terres- 
trial radiations. The western parts of the continents in the north temperate zone 
are protected from extreme cold by their moist atmosphere and clouded skies. But 
in the interior of continents it is otherwise ; for the winds getting colder and drier 
as they advance the soil is exposed to the full effects of radiation during the long 
(Page 76) winter nights. Since the air over continents is drier than on sea shorts, 
(Page 80) the heating power of the sun's rays is very great during the long days of 
summer. The quantity of aqueous vapour in the atmosphere is by the processes of 
evaporation and condensation varying every instant. Vapour diffuses itself through 
dry air, the presence of dry air having only the effect of retarding the rate of it* 
diffusion. If the vapour of water remained permanently in the atmosphere— that 
is, was not liable to be withdrawn from it by being condensed into rain—the 
mixture would be as complete and uniform as that of the oxygen with nitrogen. 
But the equilibrium of the vapour atmosphere is being constantly disturbed hy 
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very instance of condensation, by the ceaseless process of evaporation, and by 
very change of temperature. From these condensations and from the circum- 
ance that the dry air greatly obstructs the free diffusion of the vapour, it follows 
lat the law'of the independent pressure of the vapour and of the dry air of the 
tmosphere does not absolutely hold good, but that from the constant effort of the 
spoor to attain to a state of equilibrium there is a continual tendency to approach 
) it And since the independent and equal diffusion of the dry air and the vapour 
1 owing to disturbing causes never reached, it foUows that the observations of the 
ygrometer only indicate local humidity, and should only be regarded as approxi- 
lationa to a correct indication of the quantity of vapour in the atmosphere over 
le place of observation. It should, however, be added that, though in exceptional 
ues the amount of vapour indicated may be wide from the mark, yet in long 
verages a very close approximation will be obtained. When water evaporates into 
ir the maximum density of the vapour id not acquired till some time has elapsed. 
Page 83) And since every addition to the vapour increases the pressure, the rate of 
Faporation is continually diminishing. The amount of evaporation is measured 
y an evaporimeter, which is usually an evaporating dish about 5 in. in diameter, 
ith an overflow pipe and wirework cover. The best is MitcheU s, which is made 
n the principle of the fountain inkstand. The advantages are that dew and rain 
re at once carried away, and that minute quantities can be read off. James 
*rocter Barry's is a modification. The surface is 10 in. square. The small quantity 
vaporated daily is measured by a scale of brass divided into 10 equal parts placed 
iagonally in the evaporimeter, so that during the evaporation of one inch of water 
he line of contact of the surface of the water with the diagonal scale will traverse 
he whole length of the scale. The t^v o^ t^ u^ch c<^ ^e easily read. The atmo- 
Page 84) meter is of some practical use. It is a long glass tube attached to a 
ic^ow ball of porous earthenware. The tube is filled previous to observing. There 
I no class of observations which show such diversity of results as those made by 
bservers of evaporation owing to different methods being employed. The object 
ought to be obtained is the drying power of the atmosphere. The ocean loses 
lore heat from evaporation than land, because the quantity evaporated from its 
uface is much greater. Theory should lead us to suppose that the temperature of 
rained land would be higher than that of undrained, because being drier less heat 
Page 85) is lost by evaporation. In 1862 the Marquess of Tweeddale offered 
tizes for sets of observations on this point. Two sets of observations for a year 
ere made, one at Otter House, in Argyle, on arable land, under a rye-grass 
rop, the soil being light and sandy, and the slope being 1 in 40 ; the other set 
t North £sk reservoir, Pentland Hills, on hill pasture, the soil being clay 
iixed with decayed moss. The following results were drawn. 1. The mean 
nnual temperature of the arable land was raised 8*" by drainage, and (2) 
hat of the pasture land, 4**. 3. During sudden falls of teihperature and during 
rotracted cold weather, the cold passed more quickly and completely through 
ndrained land than through drained land. 4. When the temperature of the air was 
igher than that of the soil, drained land received more benefit from the higher tem- 
erature than the undrained land, less of its heat being lost by evaporation. 5. 
inoe when rain or sleet fell the superfluous moisture soon flowed away from the 
rained land, drainage tended to maintain in the soil a comparatively equable 
smperature ; whereas the undi*ained land was liable to considerable fluctuation, 
IT when soaked with warm rain water its temperature was temporarily raised, and 
hen soaked with melted snow it was temporarily lowered. On one occasion sleet 
wered the drained land T and the undrained land 4^ 6. The temperature of 
■ained land was in summer occasionally raised above undrained land 3°, and often 
, and still more frequently I'b". Since these different temperatures are chiefly 
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♦ from saturated moss was excessive during the first day, being far more 1 

the surface of water, but on the second day the water began to evapor 
and on the third day very much more than the moss, although the mosi 
wet 10 in. below the surface. From these experiments [those by Dr. Mil 
under 1866 being included] a few practical conclusions may be drawn. Ie 

{ I the amount evaporated from wet substances and the consequent decreac 

j perature is proportional to the number of evaporating points, or to 1 

extent of the evaporating surface in contact with the air. This ezp] 
evaporation is greater from wet moss and grass than from wet soils, m 
^rom wet soils than from a surface of water. But as evaporation proceed 
substances begin to dry, the rate of evaporation is modified by the fa/: 
which the water is drawn by capillary attraction from the interior of the t 
to their evaporating surfaces. Thus dry sand parts with its moisture so 
clay, and clay sooner than peat moss. At all temperatures, even tl 
moisture exists in the atmosphere in an invisible state, so that the aii 
(Page 87) absolutely dry. Prof. J. D. Everett found that the exact c< 

f ence of the dry and wet bulb thermometers which happens when the ai 

saturated was as rare as eclipses of the sun or moon. The air a few i 

I I the ground is seldom perfectly saturated. The capacity of the air foi 

increases at a more rapid rate than the temperature. Thus air can ooni 
the T«Tr part of its own weight ; at 59° the ,V ; and at 86" the A ; the law 
for every increase of 27° the capacity is doubled. Some hygrometers are 
substances which readily take up and part with moisture, as 8aussure*s h 
meter. Adie's is made with two pieces of wood glued together. It i 
(Page 88) or no scientific value. It is this property of substances to b< 
in bulk in attracting moisture or in parting with it, which explains a lai|g 
of popular prognostics of the weather, especially such as refer to the i& 

j I conduct of animals, the opening and closing of flowers, and the length 

shortening of strings, cordage, and other materials. Hygrometers oonsi 
the principle of absorption are faulty, not only because they are irregul 
action, but also because, in the course of time, they are subject to grei 
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laed should be pure, either rain or distilled. The muslin should not be touched 
with the fingers, which cause it to become slightly greasy. The glass vessel should 
t)e as £ar as possible from the dry bulb. The best hours for observation are 9 ii.M. 
ind 9 P.M. An additional observation is recommended at 3 p.m. By means of 
)bservations of the dry and wet bulb thermometers we may determine or approxi- 
aiate to by means of tables : (1) The dew-point ; (2) the eUstic force of vapour ; 
[3) the quantity of vapoiur in a cubic foot of air ; (4) the additional vapour required 
to saturate a cubic foot of air ; (5) the relative hiunidity ; and (6) the weight of 
I cubic foot of air at the pressure prevailing when the observation is made. 
[Page 92). The elastic force of vapour may be regarded as representing the absolute 
quantity of vapour suspended in the atmosphere. It may also be termed the 
ibsolute humidity. It is greatest within the tropics. It is greater at midday than 
in the morning. It also diminishes with height, but the average rate at which it 
iiminiahes is not known. The balloon ascents of Mr. Glaisher and some other 
leronauts have thrown some light on the question. But the number of ascents 
tre by far too few to warrant the drawing of general conclusions as to the mean 
rate of the decrease. The chief point estabbshed is that in particular instances the 
iecrease is generally far from uniform, as different strata are super-imposed on each 
other, differing widely as regards dryness and dampness. Relative humidity is 
distinct from this, and by humidity of air meteorologists mean the degree of its 
ipproach to saturation. Air of a humidity of 73'' would feel very dry to an inhabit- 
mt of Great Britain, 73° being about the lowest mean humidity that occurs in 
Scotland during May, the driest month. This low humidity is, however, greatly 
exceeded when the east winds of spring happen to acquire their greatest virulence 
ind dryness. Thus during May 1866, at Corrimony in Inverness-shire, the dry bulb 
U 9 A-M. of the 21st was 65'', and the wet 47^, thus giving a humidity of 29*", perhaps 
IS low a humidity as has hitherto been observed in the British Isles ; and of course 
later in the day this extraordinary dryness must have been still further increased, 
[n the ocean at a distance from land the humidity is always great, and during the 
[Page 94) night generally approaches 100*". In the interior of continents it is less, 
9specially in sandy deserts, which allow the rain water speedily to sink, thus drying 
the sor&ce ; and in rocky coimtries which are never wetted more than on the 
nirfaoe. Thus at Djeddah, in Arabia, on 12th March, 1864, the humidity was as 
jow as 11**. The humidity is greatest during the night, when the temperature is at 
ts minimum ; it is also great in the morning, when the sun's rays have evaporated 
he dew and the vapour has not yet had time to find its way into the air. And it is 
AMt during the greatest heat of the day, and for some time thereafter or before the 
temperature has yet begun perceptibly to fall. Now between the vapour present 
|i the air and the temperature of the air there is a vital and all-important connection 
[Page 99) which recent experiments and researches have done much to elucidate. 
When, rivers are considerably warmer than the air they give rise to fogs, because the 
more rapid evaporation from the warm water pours more vapour into the atmo- 
^here than it can hold suspended in an invisible state, and the surplus vapour is 
Dondensed into mist by the colder air through which it rises. Thus deep lakes and 
rivers flowing out of them are in winter generally much warmer than the air, and 
bence, when the air is cold and its humidity great, they are covered with fogs. 
When Sir Humphry Davy descended the Danube in 1818, he observed that mist 
iras always formed during the night, when the temperature of the air on shore was 
from 3° to 6° lower than that of the stream ; but when the sun rose, and the tem- 
perature was brought to an equality, the mist rapidly disappeared. The densest 
logB occur during the cold months in large towns built on rivers, the causes which 
>roduce fogs being then at the maximum. The denseness of the London fogs is 
latoiiooB. TbiB peculiar denseness is caused by the warmth of the river bed, and 
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it is increased by the sources of artificial heat which London afforda ; and from the 
circumstance that the temperature is falling everywhere, and the humidity being 
then great, the vapour of the atmosphere is quickly and copiously condensed by the 
gently flowing cold easterly winds which generally prevail in November. In aU 
these cases fogs are very locally distributed, being confined to the basin of the 
river or lake where they are formed, and do not extend far up into the atmosphere. 
There are, however, other fogs that spread over large districts which are originated 
under different meteorological conditions. Fogs often accompany the breaking of 
frosts in winter. For when the humid south-west wind has gained the ascendency, 
and is now advancing over the earth's surface as a light air, it is chilled by contact 
with the cold ground, and its abundant vapour thereby condensed into a wide- 
spread mist. Hills and mountains are frequently covered with mists. Since the 
temperature of the air falls with the height, it follows that as the warm air is driven 
up the slopes of the mountains by the wind, it becomes gradually colder, and iii 
capacity for moisture is thereby diminished until condensation takes place, and the 
{Page 100) mountain is swathed with mist. Owing to the peculiarity of their 
temperature, forests have a marked effect on the mists of mountainous regions 
Mists often appear sooner on the parts of hills covered with trees than elsewhere. 
This happens especially when the mist begins to form after midday, because th^ 
the temperature of the trees is lower than that of grassy slopes. Mists also linger 
longer over forests, probably on accoimt of their increased cold arising from the 
large extent of evaporating surface presented by their leaves when drenched with 
• mists. During his residence at the Cape of Good Hope, Sir John Herschel obaerred 
a remarkable instance of the influence of trees in condensing the vapour of 
the atmosphere. On the side of Table Mountain from which the wind blew, 
the clouds descended very low, frequently without any rain falling, while on 
the opposite side they covered the mountain in dense masses of vapour. When 
walking beneath tall fir-trees, at the time these clouds were closely overhead, he 
was subjected to a heavy shower of rain ; but on going out from beneath the trees 
the rain ceased. The explanation he gave of the phenomenon was that the doads 
were condensed into rain on the cool tops of the trees. And doubtless the innn- 
merable fine leaves of the fir-troes adding largely to the surface of evaporation, 
increased the cold, which condensed the vapour into a more copious shower. I am 
informed by the Rev. J. Farquharson, Selkirk, that when the atmosphere is very 
moist, and the S.W. wind is blowing strongly, a mist or cloud is sometimes seen to 
settle over Bowhill, which is situated at the junction of the Yarrow and Ettrick : and 
that the cloud thus formed is subject to great and rapid changes, both as regards its 
outline and its size. This is a highly instructive observation considered with reference 
to the causes which produce the phenomenon. Both valleys lie nearly in the direction 
of the S.W. wind, but the vale of Ettrick is the more highly wooded of the two ; henoe 
the temperature of the two valleys will, from what has been stated above, he 
generally different the one from the other. Now when a steady humid S.W. wind 
is blowing, each will acquire the temperature of the valley down which it has flowed, 
and be at the same time near the point of saturation ; and at Bowhill, where th^ 
two aerial currents meet and mix together, cloud will be foftned, in accordance with 
the well-known law by which two volumes of air, each saturated but of different 
temperatures, can, when mixed, no longer hold all the vapour in suspension, so that 
consequently part is condensed into cloud or vapour. Extensive fogs also prevail 
(Page 101) where great differences occur in the temperature of contiguous regions. 
Thus promontories running out into the sea are frequently envel6ped in mist ; for 
since land is generally warmer than the sea in summer and colder in winter, the 
difference of temperature is generally sufficient to cause mists with the veerings of 
the wind landward or seaward. The same cause explains the mista and fogs which 
do4 
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juentlj prevail on the coast. These mists generally occur in the morning and 
ning, seldom advance far inland, and usually accompany fine weather. The 
tiah Isles being bounded by the warm waters of the Atlantic on the one side, 
. separated from the Continent on the other only by narrow belts of sea, are 
ject to fogs during winter. For the same reason dense thick fogs are prevalent 
Norway, Newfoundland, along the coast of Peru and South Africa, and in the 
ar regions. The Gulf Stream is notorious for dense and long-continued fogs, 
ticularly at its northern limit, where it meets the Polar current. The high 
iperature of the stream, which is often from 16° to 18** and sometimes 30° higher 
n that part of the sea past which it flows, fully explains the denseness and per- 
ency of these fogs. Occasionally the summit of a hill or isolated peak is wrapped 
mist or cloud, while elsewhere the atmosphere is clear, and though a breeze be 
wing over the hill, still 

* Overhead 
The light cloud smoulders on the summer crag,' 

>arently motionless and unchanged. This phenomenon is instructive and easily 
)lained. The temperature at the top is below the dew-point of the atmospheric 
i^e 102) current. Hence when the air rises to this region its moisture is condensed 
o cloud, which is borne forward over the top of the hill and down the other side, 
[uiring heat as it descends till it is again dissolved and disappears. Meanwhile 

place is constantly supplied by fresh condensations which take place as the 
Tent, rising to the height of the cloud, falls below the temperature of saturation, 
us, though the cloud on the top of the hill appears to remain motionless and 
changed, the watery particles of which it is composed are continually undergoing 
lewal. There is another sort of fog of occasional occurrence differing from any 
the foregoing, which, from its relation to storms, is of considerable importance in 
teorology. It would appear to arise from the juxtaposition of the Polar and 
latorial currents. When these currents flow side by side, fog frequently flUs up 
i comparatively calm space intervening between them. It results from the 
ung together of the two currents, the cold of the Polar current condensing the 
X)ur of the S.W. wind. It sometimes stretches several hundred miles in the 
m of a long narrow strip. At other times, and more usually, it is a precursor of 
rms, which succeed fine dry weather, during which the wind has been chiefly 
m the N.E. The S.W. wind is seen to prevail in the upper regions of the 
[losphere, by the direction in which the thin cirrus cloud is blown, some time 
lore it is felt on the surface of the earth. During this interval the humid 
iiatorial current overlaps the Polar current, and the fog which prevails is due to 
) mixing of the two currents. Hence in discussing storms, fogs constitute one of 
) most important elements which require consideration, and they supply valuable 
Ip towards the foretelling of storms. Clouds, mists, and fogs arise from the same 
is^. During the warmest part of the day, when evaporation is greatest, moist 

currents are constantly ascending from the earth. As they rise in succession, 
i moist air is pushed high up into the atmosphere, and losing heat by expansion, 
K>int is at length reached when it can no longer retain in solution the moisture 
th which it is charged ; hence condensation takes place, and a cloud is formed, 
ich increases in bulk as long as the air continues to ascend. But as the day 
uige 103) declines, and evaporation is checked, the ascending current ceases, and 
3 temperatiire falling from the earth's surface upwards, the lower stratum of the 

contracts, and consequently the whole mass of air begins to descend, and the 
nds are then dissolved by the warmth they acquire in falling to lower levels, 
e whole of the process is frequently seen on a warm summer's day. In the 
rning the sky is cloudless, or nearly so ; as the heat becomes reater, cIoud& 



AQUEOUS VAPOUR 1867. Buohan. NOTB& 

begin to form, and increase in number and size, often presenting scenes of un- 
paralleled beauty, as lighted up by the sun into dazzling brilliance, they sail sloirly 
and smoothly across the blue sky ; but as the heat diminishes, they contract their 
dimensions and gather round the setting sun, lit up with the fiery splendours of hii 
beams. In a short time they disappear, and the stars come out, shining in s 
cloudless sky. When a dry and heavy wind begins to set in, or takes the place of 
a moist and light wind, it generally does so by edging itself below the moist wind, 
and forcing it wedgeways into the upper regions of the atmosphere, where con- 
densation rapidly follows, and dense black clouds, often heavily charged with rsin, 
are formed. This is a frequent cause of cloud and rain in Great Britain, when the 
cold heavy east wind or Polar current thrusts high up into the air the rain-bringing 
S.W. wind, thus causing it to darken the sky and bring down its surplus moisture 
{Page 104) in torrents of rain. Espy has reasoned that every cloud is either s 
forming cloud or a dissolving cloud. While it is connected with air-ascending 
currents it increases in size, is dense at the top, and well defined in its outlines; 
but when the ascending current ceases, the cloud diminishes in size and density. 
When a cloud overspreads the sky its lower surface is, for the most part, horizontal, 
or more generally, it seems as if it was an impression taken from the contour of the 
earth's surface beneath it. This arises from the high temperature of the air bekm 
the cloud, which is sufficient to dissolve the particles as they descend below its levd. 
On ascending through this lower stratum of cloud the temperature is found fre- 
quently to rise, and the air to be quite clear of clouds for a considerable thi^lrnftaa, 
Higher up a second stratum of cloud succeeds, and again another clear space, and 
so on, cloud and clear sky following each other several times in succession. These 
phenomena arise from the different currents which are encountered superimposed 
over each other, and differing in temperature and humidity. Kaemtz has deduced 
{Page 105) the heights between which clouds range as from 1,300 to 21,320 feet 
The extreme height is, however, much too small, as has been proved by balloon 
ascents. Thus Gay Lussac in September 1804, when at the height of 23,000 feet, saw 
clouds floating apparently at a great height above him. It is probable that the 
cirrus cloud is often ten miles above the earth. Since clouds are subject to certain 
distinct modifications from the same causes which produce the other atmospheric 
phenomena, the face of the sky may be regarded as indicating the operation of these 
causes. The ancient meteorologist was content with discerning the face of the sky, 
in order to predict the coming weather. It is to this that the weather-wise sailor 
and the farmer still look in foreteUing the weather. The classification of clouds 
universally adopted is that proposed by Luke Howard in 1803. The cirrus is the 
cloud first seen after serene weather. The duration of the cirrus varies from a few 
(Pa^ge 106) minutes to many hours. It remains for a short time when formed in the 
lower parts of the atmosphere, and longest when it appears alone in the sky, and at 
a great height. The cirrus, though apparently motionless, is closely connected with 
the movements of great atmospheric currents. It is this intimate connection which 
has long caused it to be considered as a most valuable prognostic of stormy weather, 
and as such it deserves more attention than has hitherto been given to it. Small 
groups of regularly-formed and arranged cirrus scattered over the sky often 
accompany fair weather and light breezes ; these do not indicate the approach of a 
storm for some time at least. Horizontal sheets of this cloud, which fall quickly, 
and pass into the cirro-stratus cloud, indicate in an unmistakable manner con- 
tinued wet weather, when streaks of cirrus run quite across the sky in the 
direction in which a light wind happens to blow, the wind will probably soon blow 
hard, but it will continue in the same direction ; in other words, the variable winds 
and fitful gusts which accompany storms are not likely to be experienced when the 
fine threads of the cirrus appear blown, or brushed backwards at one end, as if by a 
356 
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wind prevailing in those upper regions, the wind on the surface will ultimately yeer 
round to that point. If the direction indicated be from south-west, whence the 
storms of Europe come, wind and rain may be expected ; and it matters not how 
fair and settled like the weather appear at the time, a storm more or less severe is 
advancing, and may be looked for within thirty or forty-eight hours. When the storm 
seems past, and the sky has cleared, should a few ^no cirrus clouds be seen slightly 
blown back at their eastern extremities, the storm haa in all likelihood really passed, 
and fair weather may be expected with some confidence, since tho dry Polar current 
has already begun to prevail overhead. But if, instead of this, innumerable groups and 
streaks of cirrus cover the sky, crossing each other in all directions, and presenting 
the appearance of a skein of yam inextricably tangled together, we may be sure a 
second storm will shortly follow the one already past. The cumulus clouds are formed 
in the lower regions of the atmosphere, and are carried along in the current next 
the earth. The cumulus has been well called the cloud of day, being caused by 
(Page 107) the ascending currents of warm air which rise from the heated ground. 
When the cumulus clouds are of moderate height and size, of a well-defined curved 
outline, and appear only during the heat of the day, they indicate a continuance of 
fair weather. But when they increase with great rapidity, sink down into the lower 
parts of the atmosphere, and do not disappear towards evening, rain may be 
expected. If loose, fleecy patches of cloud begin to appear, thrown out from their 
surfaces, the rain is near at hand. The stratus is the lowest sort of cloud, its lower 
surface commonly resting on the earth. The' stratus may be called the cloud of 
night, since it generally forms about sunset, grows denser during the night, and 
dinppears about sunrise. It is caused by the vapours which rise during the day, 
bnt towards evening fall to the earth with the falling temperature ; and since 
daring night the cooling of the air begins on the ground, and thence proceeds 
upwards, the stratus first appears like a thin mist floating near the surface of the 
earth ; it thence increases from below upwards as successive layers of the air are 
reduced below the point of saturation. It includes all those mists which in the 
calm evening of a warm summer day. form in the bottom of valleys and over 
low-lying grounds, and then spread upwards over the surrounding country like an 
inimdaiion. When the sun has risen, and begun to shine on the upper surface of 
the stratus cloud, it begins to be agitated, and heaved up in different places into the 
rounded forms of the cumulus, while at the same time the whole of the lower 
surface begins to rise from the ground. As the heat increases, it continues to 
ascend, and becomes broken up into detached masses, and soon disappears alto- 
gether. These appearances indicate a continuance of the finest and serenest 
(Page 106) weather. While the cirrus changes into the cirro-cumulus, it generally 
descends to a lower position in the atmosphere. This beautiful cloud, commonly 
known as a * mackerel ' sky, occurs frequently in summer, and is attendant on dry 
and warm weather. It is also sometimes seen between showers. But in this case 
the cirro-cumulus will be found wanting in the settled order which it ts ears in fine 
veaiher. The cirro-stratus is markedly a precursor of storms ; and from its greater 
or leas abundance and permanence, it gives some indication of the t ime when the 
storm may be expected. It may generally be seen between storms, occasionally 
with the cirro-cumulus, and from what then takes place, important information 
may be learned r^arding the continuance or non-continuan«e of the stormy weather 
then prevailing. For if the cirro-cumulus give way, or pass into the cirro-stratus, 
more wind and rain may be confidently expected ; but if the cirro-cumulus prevail, 
{Page 109) the storm is past, and fair weather may be looked for. The cumiUo- 
stratoa appears indistinctly in the intervals of showers. The distinct cumulo- 
ttratoB ia formed when the cumulus becomes siurounded with small fleecy clouds 
jast before rain begins to fall, and also on the approach of thunderstorms. The 
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rain-cloud often has its origin in the cumulo-stratus, which increases till i1 
spreads the sky and becomes black, or bluish-black, in colour ; but this colov 
changing to grey, the nimbus is formed, and rain soon begins to falL At 
siderable height a sheet of cirro-stratus cloud is spread out, under which ct 
clouds drift from the windward ; these rapidly increasing, unite at all ] 
forming one continuous grey mass, from which the rain falls. It is eviden 
this that the whole mass of air under the upper sheet of cloud into whi 
clouds drift must be completely saturated. The breaking up of the loose gre 
indicates that the rain will soon cease. When a rain-cloud is seen approachii 
distance, cirri appear to shoot out from its top in all directions, and it ha 
observed that the more copious the rainfall, the greater is the number of tfa 
thrown out from the top cloud. In observing clouds, the kind, the direct 
which they are carried, and the proportion of the sky covered with them, she 
noted. In estimating the amount, that portion of the sky from the horizon ha 
to the zenith should not be taken into account, because the clouds being ther 
shortened, the estimate would be too great. The scale generally adopted i 
country is to 10 ; indicating a clear sky, 5 that it is half covered, ai 
(Page 111) that it is totally obscured. The rainfall is diminished, if the wind 
passed over large tracts of land, particularly mountain ranges, and are, the 
(Page 112) dry. The more specilic conditions under which rain is precip 
as stated by E. Renou, include : — 1. Two layers of clouds at least — an upper 
the cirrus, and a lower layer, the cumulus, or cumulo-stratus, which has its d 
increased, and its temperature lowered by the descent of the ice crystals 
cirrus. The geographical distribution of rain is proportioned to the humidit 
{Page 114) Rain rarely or never falls on the coast of Peru, in the great va 
the rivers Columbia and Colorado, the Sahara, and the desert of Gobi. 
(Page 116) trade winds are in the condition of taking up moisture rathe 
parting with it ; and the return trades which blow above them, having disc 
the greater part of their moisture in the region of calms, are also dry and clo 
In the region of calms the sun almost invariably rises in a clear sky ; but 
midday clouds gather, and in a short time the whole face of the sky is d 
(Page IIG) covered with black clouds, which pour down prodigious quantities < 
Towards evening the clouds disappear, the sun sets in a clear sky, and the nig 
serene and fine. The reason of this daily succession of phenomena in the 
calms is that the air, being greatly heated by the vertical rays of the sun, at 
drawing with it the whole mass of vapour the trade winds have brought with 
and which has been largely added to by the rapid evaporation from the 
calms ; this vapour is condensed as soon as it rises to the line of junction 
lower and upper trades. As evening sets in, the surface of the earth ai 
superincumbent air being cooled, the ascending currents cease, and the coo 
descends ; the clouds are thus dissolved, and the sky continues clear t: 
returning heat of the following day brings round a recurrence of the same ] 
mena. The daily rains of the belt of calms are to some extent analogous ii 
origin and causes to the formation of the cumulus cloud of temperate cli 
{Page 135) An important characteristic of winds is their quality, being < 
humid, etc., according to their direction and the nature of the earth's surfac 
which they have passed. Thus in the north hemisphere southerly winds are 
and moist, while northerly winds are cold and dry ; and in the south hemi 
(Page 136) vice versa. In certain parts of the earth circumstances occur intern 
{Page 146) these effects, and causing excessive drought, etc. In front of a 
the dew-point is high ; in the rear, low ; the high dew-point is acoompani 
great humidity, and the low dew-point by a small one. When the baromet 
been falling for some time, clouds begin to overspread the sky, and rain to 
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{Page 147) intervals ; after the centre of the storm has passed, the rain becomes less 
heavy ; the clouds break up, and fine weather ultimately prevails. The physical 
(Page 158) cause of the ascending currents in the centre of storms is to be found 
in the moist and warm, and therefore light, air which all observation shows to 
prevail in the front and in the central part of storms. And since most of the rain 
which accompanies storms falls in those parts of the storm, the barometer will be 
still further reduced by the removal of the elastic aqueous vapour which is con- 
densed into raindrops, and by the latent heat set free in the condensation of the 
Tapour. Storms generally contract in area as they traverse a dry climate, and die 
out when they come to a dry polar current, as less vapour is condensed there. 
The usual place where the vapour brought by the trade winds is condensed is the 
region of calms, where heavy rains and thunderstorms occur. But since the con- 
densation takes place simultaneously over a somewhat broad belt of the earth^s 
nurface, which for the time is stationary, it follows that the storm is neither rotatory 
nor progressive, the only effect of the condensation being the flow of the regular 
trade winds towards the belt where it takes place. When the condensation is more 
copious than usual, the effect will be the acceleration of the speed of the trade 
wiads. Suppose that the atmosphere of the West Indian islands has from some 
erase become exceptionally warm and moist, and that at the same time a high 
barometer is interposed between that region and the belt of calms. In such cir- 
comstances, as the trade winds cannot flow towards the belt of calms, the usual 
provision for draining them of their moisture is taken away, and a rapid accu- 
mulation of aqueous vapour takes place to the north of the high barometer, ready 
{Page 167) to burst into rain and tempest. This would appear to have been the 
{Page 180) case before and after the Bahama hurricane of October 1866. The cirrus 
cloud sometimes appears of a texture so delicate as to elude the eyes of all but the 
{Page 181) most practised observers, and no doubt it is sometimes so thin, that the 
eye cannot detect it till it is revealed by electric discharges passing through it. 
This cloud probably originates in the equatorial current beginning to prevail in the 
higher regions of the atmosphere, and depositing the watery vapour necessary for 
the electric discharges, the faint light of which reflected by the minute crystals of 
the cirrus clouds forms the aurora. A large quantity of ozone in the air is 
aiKMsiated with increasing humidity, and a small quantity with decreasing humidity. 
(Page 182) Since rainbows in the morning are always seen in the west, they indicate 
the advance of the raincloud from the west at the time when it is clear and bright 
in the east ; and since the fall of rain at this time of the day, when the temperature 
ahoald be rising, is an additional evidence of increasing moisture, a morning 
iBinbow is regarded as a prognostic of a change to wet, stormy weather. On the 
{Page 183) contrary, the conditions under which a rainbow can appear in the 
erening are the passing of the raincloud to the east, and a clearing up in the west 
Al the time of day when the temperature has begun to fall, thus further indicating 
a change from wet to dry weather. Coronas can only be seen when the globules 
composing the cloud are all, or nearly all, of equal size, and the smaller the size of 
the globules the greater is the diameter of the corona. Hence the corona is a 
vahmble prognostic ; for when its diameter contracts round the moon, we know 
that the watery particles composing it are uniting into larger ones, which by-and-by 
win fall in rain ; whereas, if the corona be extending, the particles are growing 
1088, thus indicating increasing dryness, and consequently fair weather. Scoresby 
obtenred that Anthelia or glories are always seen in the Polar regions whenever 
{Page 185) sunshine and fog occur at the same time. The red and golden- 
' adoored clouds are observed to be the accompaniment of cumulus clouds while in 
the act of dissolving, as they sink slowly down into the lower and warmer parts of 
the atmosphere ; consequently they disappear from the sky soon after sunset. Such 
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■uiusets are univerBally regarded as prognostics of fine weather. Frequently small 
thin clouds appear high up in the eastern sky some time before sunrise, or when 

' The dappled dawn doth rise/ 

and when the sun has risen they disappear. They are probably caused by the sun 
shining on and warming the upper layers of the atmosphere before it appears above 
the horizon; thus small ascending currents are formed, the vapour of which as 
they ascend is condensed into small clouds, as the cirro-cumulus. Their rounded 
definite forms show them to be produced in the same way as the cumulus — ^viz., bj 
ascending currents forcing their way through colder strata. They may thus be 
regarded as heralding the cumulus, and as sure prognostics of fine weather. If in 
(Page 186) the evening sky after stormy weather the yellow tint deepens into orange 
and red, the atmosphere is getting drier, and fine weather may be looked for. Jo 
the morning a red and lowering sky is a prognostic of imsettled weather. 

(Page 196. ) Table V. showing elastic force of aqueous vapour. 

(Page 197.) Table VI. Factors for multiplying the excess of the dry bulb 
thermometer over that of the wet bulb to find the excess' of the temperature of the 
air above that of the dew-point. 

Buchan, A. Jaum, Scot, Meteorol. Soc, voL ii. (1869), No. xiv., April 1867 (rrp). 

(Page 41.) The irregular periods of temperature observable in Scotland are 
intimately connected with the direction of wind, and with the absolute and relative 
quantity of the vapour in the air. The eflect of a diminished quantity of vapour in 
raising or depressing the mean temperature depends on the season of the year. If 
it occurs in summer, the mean temperature will be raised ; but if in winter, it irill 
fall. As concerns evaporation, great humidity adds to the mean temperature, and 
a small himiidity lowers it. But as compared with solar or terrestrial radiation the 
effects of evaporation on the temperature are very slight. The following examples 
illustrate the dependence of the changes of temperature on the amount of vapour in 
the atmosphere. Lieut. -CoL Strachey (Phil, Mag,, 1866) has examined the Madras 
meteorological observations of several years, and compared the elastic force of the 
vapour with the number of degrees the temperature was reduced by terrestrial 
radiation from 6.40 p.m. to 5.40 a.m., and the number of degrees the solar radiation 
was raised from 5.40 a. m. to 1.40 p.m. In all cases examined, the sky was either 
quite, or all but quite, free from clouds ; the only difference being in the amount of 
vapour. The following are selected from the results arrived at : — 

Tebbestbial Radiation. 

Tension of vapour '888 in. '605 in. '455 in. 

Fall of temperature from 6*40 P.M. to 5.40 A.M. 6° 12*1° 16-5° 

Solar Radiation. 

Tension of vapour -824 in. -670 in. -394 in. 

Rise of temperature from 5.40 A.M. to 1.40 P.M. 12-4° Ids'* 27-0° 

Thus when the quantity of vapour in the air was very large (tension '888 in.), 
the temperature only fell on an average 6° during the night ; but when the quantity 
of vapour was small (-455) the temperature fell 165°. And when the quantity of 
vapour was large ('824) the temperature during the day rose only 12*4'* ; but when 
the amount of vapour was small, the temperature rose in the same space of time 
27**. These remarks will be applied to the August cold and warm periods. The 
mean tension of vapour at Sandwick for August is '360 in. For the four cold days 
it is only 353 in., and on the 9th as low as '343 in. ; but for the four warm days 
immediately following it is 396 in., or '043 in. greater. The mean humidity of the 
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month iB 85 ; of the foiir cold days 84 ; of the four warm days 89. Thus then, from 
ihe 8th to the 11th of August, characterised by a depression in the temperature, 
there was a diminished amount of yapour and less humidity. But from the 12th to 
{Page 43) the 15th, when the temperature rose, the tension increased about '05 in. and 
the humidity increased from say 84 to 87. These two periods present a very strikiug 
character as regards the moisture of the air, — ^the warm period from the 12th to the 
16th showing an amount of vapour in the atmosphere such as occurs at no other 
time of the year, and the cold weather of the four days preceding a deficiency of 
Tapour greater than occurs during August until the close of the month, when, owing 
to the falling of temperature, the quantity of vapour is diminished. If the cold 
period of August was caused by the interception of heat by meteors, we should 
then expect with the fall of temperature an increase in the rainfall, and as the tem- 
perature would thus be brought nearer the dew-point, an increase in the humidity ; 
and after the earth has emerged from the shadow of the meteors along with the rise 
of temperature, we should have a diminished rainfall and less humidity. Since 
the reverse of this happens, the cold of August must be explained by other causes. 
For this no combination of circumstances can be considered adequate which does 
not account for the dry, cold air prevailing during the cold period, and the warm, 
moist air during the warm period. 

[He then investigates the condition of Western Europe as regards wind, atmosphere, 
pressure, and temperature relatively to Scotland, and arrives at the conclusion that 
the cold and warm periods of August are determined by the wind, and that the ob- 
served relations of moisture depend on the wind. The whole inquiry has a local 
. bearing, and therefore the details are omitted here.] 

Calvert, H. H. Journ, Scot. ^(eUorol, Soc„ vol. IL (18(t9), No. xvL, October 1867 (rvp). 

(Page 115.) At Erzeroom, June is remarkable for the regularity of the daily 
atmospherical change. At sunrise the sky is perfectly bright ; towards 10 a.m. 
donds begin to appear, which gather rapidly ; and at noon, or 1 p.m., the heavens 
are quite overcast with heavy thunder clouds. At about 2 p.m. thunder is heard. 
Towards sunset the clouds are gradually dispelled, and by 9 or 10 a. m. the sky 
reassumes its clearness. 

Laughton, J. K. (B. 1867, 12.) 

{Page 445.) The dew-point in the equatorial oceanic district is perhaps seldom 
so much as b° below the air temperature. Daniell has estimated the difference as 
generaUy 2® or 3°. 

Lyell, Sir Charles. {B. 1867, 18.) 

{Page 271.) Croll observes that when the winter occurs in aphelion during a 
high eccentricity of the earth's orbit the aqueous vapour would fall as snow in high 
latitudes, and during the summer, when the heat would be one-fifth more intense 
than at present, the meltiug of the accumulated ice and snow would give rise to 
(Page 286) constant fogs and overcast skies. When certain dry winds blow the 
snow wastes away like camphor by evaporation ; and as it is observed that the rain- 
fall diminishes towards the poles, it is probable that the snowfall also dimin i shes in 
that direction, so that there may be a dry air at the poles, especially if warm air from 
{Page 430) the south parts with its moisture in passing over snow-dad areas. The 
evaporation from some lakeft is nearly equal to the quantity flowing in ; and in the 
(Page 497) Caspian quite. [He says solar evaporation is a cause of oceanic cur- 
rents. If so, then such currents may in some cases afford valuable evidence as to 

the distribution of aqueous vapour.] 
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Markham, C. B. Journ, Bay, Geog, Soc., vol. xxxvi. (1867) (r«). 

(Page 89.) The effect of vegetation is undoubtedly to retard evaporation and to 
check the rapidity of drainage ; and the removal of forests of course has an opposite 
effect. The hill districts of India afford proofs of this. The floods caused by the 
monsoon rains are yearly increasing in size and violence. 

Mitchell, A. Joum. Scot. MeteoroL Soc., vol it (1869), No. xv., July 1867 (rrp). 

(Page 80. ) The injurious effects of the March winds of Scotland are due to their 
coldness and dryness. Such winds blowing over a moist surface tend to reduce 
the temperature of that surface to the temperature of evaporation, and thus ab- 
(Page 81) stract a large quantity of heat. Places protected from the wind will 
have less evaporation. The proverb says : * Better be bitten by a snake than 
(Page 82) warmed by a March sun.' The risk may be owing to the diathermancy 
of the air, which is due to its dryness. It may be said that the moisture of the air 
is the preserver of life ; for without it every living thing would be burnt to death 
after sunrise or frozen to death after sunset. 

Moore, J. W. Symons't Meteorol. Mag,, vol. ii. (1867) {rtp). 

(Page 118.) The explanation of the peculiar haze which accompanies an easterly 
wind lies in its dryness, coldness, and consequent density with but a small capacity 
for vapour. The effect of its dryness — ^the result of its passage across land and of 
its coming from intensely cold regions — is excessive evaporation. But the vapour 
drawn up in this way is immediately condensed before it can reach to any height by 
the extreme coldness of the air, not in the form of a cloud, but as a haze of a most 
peculiar bronze hue. And this is more marked in spring, because at that season 
(Pa^e 119) the coldness of the N.E. current is greatest and the amount of vapour 
carried up by evaporation reaches a maximum, from the sun, with increasing 
power, acting on the land drenched by the winter's snow and rain. With respect 
to the S.E. wind ; in the first place we must carefully distinguish two distinct forms 
of the same. The one is nothing more than a bent polar or N.E. current, and is 
accompanied by all its characteristics — viz., a high barometer, great cold, the 
usual bronze hue, dry weather, etc. The other is a deflected S.W. or equatorial 
current, and is attended with a low barometer, warmth, moisture, and often hesTy 
rain. The latter occurs in two aspects ; first, as forming one side of a cyclone, which 
is the most usual ; and secondly, as a comparatively steady wind, the result of an 
equilibrium established by opposite currents from N.E. and S.W. holding each 
other in check. If in the second case there is no intermingling of currents, we have 
towards the S.W. border of the S.E. wind a singularly transparent air and 
large quantities of cirrus, and towards the N.E. edge of the same the haze and 
high barometer characteristic of N.E. wind. The colour of the E. wind haze is 
the same as that of the inner edge of a solar halo, and is no doubt due to a peculiar 
arrangement of the vapour particles. 

Russell, R. Symonia Meteorol. Mag., vol. ii. {r»p.) 

{Page 117.) Tyndall has exaggerated the influence which the vapour of water 
exerts in modifying the intensity of solar and terrestrial radiation. The radiant 
power of the atmospheric vapour would not form clouds, though it might form mists. 
In our atmosphere [English] the vapour of water had little power of transmitting 
its heat into space when it approaches or reaches the dew-point. If any cloud had 
been caused by the radiation of heat into space its upper siurface would be flat, like 
the mists in the meadows before sunrise. These and other reasons led him to the 

S62 



AQUEOUS YAPOUB 1867. Thomson. NOTES. 

condnaion that the radiation of heat into space has directly a yery slight influence 
on the production of rain. 

[Sir W. Thomson's remarks on this paper will be found under his name at the 
bottom of this page.] 

Sorby, H. C. (B. 1867. 16.) 

(Page 357.) The blue colour of the sky is due to the absorption of a considerable 
amount of the red light by the vapour of water present as a transparent gas in a 
clear pure atmosphere. If, however, minute particles of water are present in the 
form of thin mist, the depth of the blue colour will be diminished, and hence in 
winter and in cold countries we have not the clear, deep blue sky of summer or of 
subtropical districts. The blue colour of mountains may also be explained in the 
same way, being due partly to the influence of the aqueous vapour, and partly to the 
shaded parts being illuminated by the blue sky. If the air be much charged with 
dry transparent vapour, the blue colour will be deeper, whereas if there be any fog 
or mist it will be obscured, and hence the blue colour is a sign of the air being 
loaded with vapour. 

StCWy P. W. Symonit Meteorol. ifag., vol. ii. (rjp.) 

{Page 82.) At Tunbridge Wells on 27th June, four feet above ground, thehimiidity 
sank to 29' 6 at 2.30 p.m. The least vapour occurred at noon; dew-point 41 'P. 
The temperature of the dew-point was so uniform throughout the day, that from 
the temperature of the air the reading of the wet bulb, almost at any time, might 
have been predicted when the dew-point had once been ascertained. This seems 
to be generally the case, at least in dry weather. 

SymonSy G-. J. Symont^t Meteorol. Mag.^ vol. ii. {r»p,) 

{Page 68.) The driest day I have hitherto recorded at Camden Town was on 
June 28th, 1857, when the humidity was as low as 33. On June 27th, 1867, it reached 
29 at 3 P.M. four feet above the ground, the wet bulb being 581'* and the dry 78*5". 
At twenty feet above ground the lowest was at 2 p.m., being 36 ; dry bulb 77*1*, wet 
{Page 69) 59*9*. The dryness was much greater near the earth than at twenty feet 
above it. In both years the greatest drought was preceded by a period of easterly 
winds and high barometer. The range of temperature was also greatest in 1867. 
It was 35r in 1867; 31-3° in 1857. At Alderahot Mr. Arnold registered a 
humidity of 22 at 3 p.m. ; dry bulb being 82°, wet 57°. 

Thomson, Sir W. Symons's Meteorol May.y vol. ii. (rsp.) 

[Remarks made in a discussion on Russell's paper referred to under his name.] 
{Page 117.) He thought Russell was right that the cold of expansion had a very 
small efiect in causing torrents of rain ; but that he had undervalued very consider- 
ably the influence of radiation in producing that minor condensation by which 
mists and clouds were constituted. He said minor condensation, meaning conden- 
sation from a gaseous condition into small spherical globules, was so small that the 
resistance they met with kept them suspended. The reason why a cloud did not fall 
down as rain was that every part of the cloud was composed of very minute drops 
of water. The larger the drops were that constituted a cloud the more rapidly 
would they fall ; but when very small they fell insensibly, as Professor Stokes has 
shown, only perhaps a few inches in an hour. When somewhat larger, they formed 
what we called a Scotch mist, which was something between a shower of globules 
coming down appreciably, and a shower of globules in which the descent was insen- 
sible. As to the influence of radiation and the influence of minor condensation as 
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soon as a cloud exists, whether high or low, each particle becomes a radiator. 
It radiates heat and becomes itself a little cooler than the surrounding air, and so 
becomes a reservoir of condensation. That takes place at the top of the doad if 
there is clear air above it, and so with the mists of the valleys. A blade of grass 
(Page 118) could not go to a temperature lower than the dew-point of the air touch- 
ing it, and so was it with particles of mist By an arrangement which they 
could not but regard as an admirable and wonderful exemplification of design) 
there was nothing destitute of protection. The protection was sometimes in- 
sufficient, and plants were killed by frost : but some degree of protection was never 
wanting, and there was enough of that protection always to allow plants to live, 
as we saw them doing, and to survive during weather when, were it not for one 
of these causes, the cold would be so great as to destroy them altogether. Phy- 
sically it was interesting to remark how it was that in each instance the protection 
was obtained. There was first the protection afforded by clouds. These prevented 
the siurface of the earth from radiating and reaching a lower temperature than that 
of the clouds. The temperature of a blade of grass on a cloudy evening would 
therefore be very nearly the temperature of the lower surface of the clouds over- 
head. When there were no clouds and no wind the office of each blade of grass 
was to collect the air touching it, condense vapour from that air, and to take heat 
from part of the air around it. Thus wo had a source of heat taken from the air 
several feet above the surface. The protection was more complete, however, when 
dew did not fall, for when there was no dew, the wind made up so large a portion 
of heat from the air that the leaves of plants were never allowed to go down even 
to the dew-point. Thus wind was a more complete protection than dew, and it 
would have been observed that plants were never injured by frosts on windy nights, 
and that in the morning the grass was found dry. It was sometimes remarked that 
fiowers were frosted in hollows, but that close at hand and on hillocks they escaped 
damage. The air in the hollows remained unchanged, and unless there waa moistnre 
enough in the air to provide dew as long as the severe conditions of weather lasted, 
and to keep the dew point from going down too low, injurious effects would follow. 
The plants, in short got dry, drying the air around them, and if that air was not 
changed very much for the better then they were destroyed by frost. This, however 
rarely happened. 

Gteorg liUdwig von . Joum. Roy. Geog. Soc,, vol. xxxvi. (1867) {rs), 

{Page 273.) Akhtulimba (in the Belor country). Fog is of frequent occurrence 
in spring, and is called omimir. The mist lasts till two o'clock in the afternoon, 
when it suddenly disappears. 

Joum. Scot. Meteorol. Soc.j vol. ii. (1869), No. xvi., October 18(57 (rvp). 

(Page 122.) The observer at Glencaim remarks that according to the old saw 
the leafing of the oak before the ash indicates a dry summer. [The observer is 
Rev. Robert Home.] 

Si/mons*s Meteord. Mag., vol. ii. {rsp.) 
[No. for April 1867.] 

(Page 35.) Steinmetz in his * Sunshine and Showers ' says : * Much wet in May 
is worse than excessive drought ' ; hence the proverb — 

* A May flood 
Never did good.' 

It is said that a great drought always enters during the period comprising the last 
eight days of February and the first twenty days of March. He also states that 
rain-clouds are attracted to certain localities more than others. 
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Sp/unWi Meteorol, Map,, vol. ii. {rsp.) 

[No. for July.] 

{Page 67.) Sauasure notices that before his time the hygrometers in use were 
formed of strings, animal fibres, and other substances which elongate or contract 
with damp. He points out that no one had examined the effect on any of them 
of variation in the pressure, density, movement, etc., of the air, nor had they 
examined if the varying indications of the instrument were proportional to 
iPage 68) the amount of vapour in the air. The TAbb^ Fontana rendered the 
method of indicating the humidity adopted by the Academicians of Gimento 
more portable by weighing a clean, weU-polished plate of glass, reducing it to a 
certain temperature, and then reweighing ; the difiference representing the moisture 
condensed on it. Le Boi stood a glass in water, cooled the water till dew stood 
upon the glass, and then registered the temperature. Saussure rejects all these on 
aoconnt of inconveniences attending their use, and the liability to disturbances 
in the indications from the presence of grease and from other causes. Saussure 
tried sal-ammoniac in Le Roi's process, but states that he found that the 
dew did not appear at the same temperature xmder apparently the same cir- 
cumstances. Saussure often suspended his hygrometer four feet above the 
(.Page 88) ground in the middle of a large plain, waited until it took exactly 
the humidity of the air, and observed afterwards its momentary variations. 
We know that there are days when the air is calm, or no violent or decided wind 
agitates it ; but, nevertheless, in a place perfectly open there arise from time to 
time slight breezes which give a momentary agitation. He invariably remarked that 
{Page 89) these slight breezes, from whatever quarter they came, caused the hygro- 
meter to go towards dry, sometimes 1°, sometimes 2° ; after which, when the air 
became dry, it retreated little by little to the point at which it was previously. 
Reflecting that these pufEs arising all at once in the middle of a calm cannot surely 
oome from far, that they are, in fact, but portions of the surface air of the same 
plain, compelled by a momentary rupture of equilibrium to change places ; in such 
a plain, when the air is calm, it may be assumed that the whole was nearly of the 
same humidity. Why, then, should these breezes always give drier indications ] 
Returning home he suspended the same hygrometer in the middle of a room, closed 
the doors and windows, sat down six feet from the hygrometer, over which he had 
suspended a large screen, waited quietly until he was certcdn that the screen and 
hygrometer were in the same state as the air of the room, and had taken up all 
possible effect from the presence of his body ; then, without changing his position, 
he agitated the screen rapidly (like a fan) ; at the end of eight or ten minutes he 
found the hygrometer indicated j° drier. From subsequent rough experiments 
Saussure decided that these effects were due to the mingling of air from a higher 
level, which he assumed to be always drier. We think the point open to further 
investigation, the relation of aspirated* and ordinary dry and wet thermometers 
being, we believe, only a partially investigated question. Saussure's third essay is 
an excellent re^mS on evaporation. When speaking of evaporation he ridicules the 
idea of evaporation from a small vessel of water in a garden representing that of a 
large water surface like a lake or sea, and says that in order to do this fairly we 
should have the vessel floating even on the surface of the sea, and with the water as 
near as may be at the same level. The evaporator should be of such size that the 
water is at the same temperatures. He adopts Richmann^s suggestion that the 
water surface should be nearly at a constant level. He notices that ice is subject to 
evaporation, and proves that the rate of evaporation from it is proportional to the 
humidity of the air. In his foiurth essay he says it is the coldness of the upper 
r^ons of the air which retains and imprisons the water which nourishes the surface 
of the earth. Dew, which we may regard as a species of rain without clouds is 
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{Page 90) explained in the same manner ; neyertheless it is sometimes acoompsnied 
by fog, and even this vapour which renders the air slightly thick when the dew iaUs 
is produced probably by some of the vesicles which are formed when cooled air is 
depositing its superfluous humidity. He criticizes Bouguer for limiting the altitude 
of the clouds to 8,000 feet, and says they may exist at 168 miles. 

Xotice of Clonston's Explanatioru of Weather Prognostict (same vol.). 
{Page 93.) Easterly gales without rain during the spring equinox foretell a dry 
summer. Dr. Kirwan's rules, verified by Howard in 1808, are (1) when there has 
been no storm before or after the vernal equinox the ensuing summer is generally 
dry, at least four times in six ; (2) when a storm happens from an easterly point on 
the 19th, 20th, or 21st of March, the succeeding summer is dry four times in five ; 
(3) when a storm rises on the 25th, 26th, or 27th of March, and not before, in any 
point, the succeeding summer is generally dry four times in five. Dry summers, 
Dr. Kirwan says, are a consec^uence of uniform winds, from whatever quarter they 
may blow ; as wet summers are of variable winds, particularly in opposite directions. 

1868. 
Buchan, A. A Handy Book of Meteorology, 2nd Ed. (rr.) 

{Page 35.) It is probable that the vapour of water exerts a pressure on the 
barometer in another way than by its elastic force. The maximum barometric 
{Page 36) pressure in the forenoon is brought about by the rapid evaporation 
arising from the dryness of the air and the increasing temperature, together with the 
overflow of air in the upper regions of the atmosphere from the wave of heat which 
{Page 39) has been going on for some hours. In the neighbourhood of the equator, 
where the temperature and moisture difler little in the course of the year, there is 
little variation in the mean pressure from month to month. Thus at Cayenne the 
{Page 40) pressure in January is 29*903 in., and in July 29*957 in. The low 
winter pressure at Reykjavik, Sandwick, and Sitka is due to the comparatively 
high winter temperature, the large amount of moisture in the air, and the heavy 
{Page 47) rainfall. The July distribution of atmospheric pressure is due primarily 
to temperature, and secondarily to the moisture of the atmosphere. The effect of 
the Mediterranean, Black Sea, Caspian Sea, North Sea, and Baltic Sea, in deflecting 
and otherwise determining the position of the curves of pressure is very interesting. 
Air charged with vapour of water is considerably lighter than dry air ; consequently 
when moist air accumulates over any region an ascending current takes place. But 
as moist air ascends into the upper regions of the atmosphere, it is cooled below the 
point of saturation, condensation follows, and rain is precipitated. In the act of con- 
densation heat is liberated which, by heating the air in the higher parts of the atmo- 
sphere, tends still further to diminish the pressure, and so accelerates the ascent of 
the current. This influence of the vapour on the isobarometric curves is illustrated 
in Plate I. [not given here]. In the North Pacific, where at this season the two trade 
{Page 50) winds meet and mingle, there occurs a belt of low pressure caused by the 
vapour accumulated by these constant winds. In the Atlantic at 15" N. lat. there is 
a similar belt of low pressure, at least lower than what prevails to the north and 
south of it. The crowding together of the isobarometric lines in the south and 
east of Asia is caused by the vapour which the summer monsoon brings to these 
regions, and which is there precipitated in a copious rainfall The low pressures 
which prevail during all seasons in the Antarctic Ocean are no doubt due to the 
saturated state of the atmosphere resulting from the N.W. winds, which blow 
thitlier from an almost unbroken sheet of waters which embraces the S. Pacific, the 
S. Atlantic, and the Indian Ocean, and which meet with little land to condense the 
{Page 52) vapour till they flow within the Antarctic Circle. Two of the January 
areas of diminished pressures are caused by there being vast reservoirs of moist air — 
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m., the north part of the Atlantic and the north part of the Pacific, and the parts 
(F€ige 55) of the continents adjoining. The influence of high temperature in lower- 
ing the mean annual pressure over any portion of the earth's surface is slight, as 
compared with the depressing influence of the vapour of the atmosphere. It may 
therefore be concluded that the chief disturbing influences at work in the atmo- 
sphere are the forces called into play by its aqueous vapour — thus giving to this 
element a paramount claim on our regard in studying winds, storms, and other 
{Page 95) atmospheric changes. The quantity of dew deposited is in proportion to 
(Page 124) the degree of cold produced and the quantity of vapour in the air. 
niuBtrationaof this [that is the eflect of mountain ranges in diying winds and thereby 
increasing radiation to the leeward, so as to make the temperature range greater] 
(Page 129) are afforded by Norway and Sweden and the British Isles. In summer 
(Pctge 131) the interiors of continents are hotter and drier. When an area of low 
pressure is bordered on either side by an area of high pressure, long-continued rains 
occur in the area of low pressure, while on the southern side the weather is close 
(Page 148) and warm. Though in exceptional cases the amount of vapour indi- 
cated by hygrometers may be wide of the mark, yet, in long averages, a very close 
approximation will be obtained, except in confined localities, which are exception- 
(Page 153) ally damp or exceptionally dry. Professor Elliott remarks that 
(Page 154) moss can retain five times its weight of water on the surface of the 
soil always prepared for evaporation, and prepared in the manner that it can most 
readily evaporate. No one need be astonished at the coldness of our hills and the 
dampness of our mountain climate when they consider that the surface of the soil 
is either moss or grassy turf. This moss or turf retains most of the water 4hat falls 
from the clouds, permitting little, except in very wet weather, to enter the soil ; this 
waier is almost immediately evaporated, and the turf prepared to receive other 
supplies. The coldness caused by evaporation must therefore be very great. It 
follows from this that the conversion of a swamp or a low-lying damp piece of 
grouxid into a lake will add materially to the drjmess and amenity of the climate of 
the surrounding district, and the rainier the locality the greater will be the advan- 
(Page 171) tage gained. Dr. James Bryce notices that occasionally a cloud is formed 
at Brodrick at the point where Glens Rosa and Shiraig meet. The explanation is the 
(Page 186) same as that of the cloud formed at Bowhill. Rain sometimes falls 
from a cloudless sky. Sir G. Robs describes a case which occurred near Trinidad, 
December 25th, 1839. It was a beautiful clear night, not a cloud to be seen, yet 
there was a light shower of more than an hour's continuance. The temperature of 
(Page 212) the dew-point was 72, of the air 74. Differences of atmospheric pres- 
sure, and consequently all winds, arise from changes occurring either in the tempera- 
(Page 213) ture or in the humidity of the air. If the atmosphere of one region 
become more highly eharged with aqueous vapour than the atmosphere of sur- 
rounding regions, the air of the more humid atmosphere being on that account 
lighter will ascend, while the heavier air of the drier regions will flow in below and 
take its place. And since part of the vapour will condense as it descends and heat 
be thereby disengaged, the equilibrium will be still further disturbed. It is in this 
way that all the more violent commotions of the atmosphere, gales, storms, hurri- 
(Page 225) canes, and tempests originate. J. K. Laughton lays too much stress 
(Phil, Mag., 1867) on the condensation of vapour as the cause of wind. Winds 
are the simple result of differences of pressure, whether such differences be caused 
by temperature, or from the presence of aqueous vapour or from its condensation- 
(Page 232) An inquiry into the disturbing influences caused by evaporation and 
unequal temperature as compared with the surrounding land would be a valuable 
eontribation to meteorology — such, for example, as a statement of the local and other 
by which the direction of the winds in January is N.E. at Christiania 
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{Page 282), whilst at Skudesnes, Christiansund, and Hammerfest, the mean direction 
IB S.S.E. For a theory of Btorms to be satisfactory, it must acoomit for the satu- 
ration of the atmosphere with vapour, often over a most extensive region which 
must be considered as the necessary precursor of storms. How can we account 
(Page 283) for the first part of the course of the West Indian hurricanes, which is st 
right angles to the prevailing trade winds of that region ? Dr. E. Lommel has shown 
( Page 321) that in passing through different thicknesses of vapour, the blue rays 
of light are first absorbed, then the yellow, and finally the red. When the sun is high 
in the heavens the thickness of the vapour screen between the sun and the eye vi 
{Page 322) not sufficient to produce any perceptible action on the rays of light, 
which consequently appear white ; but as the sun descends to the horizon, the 
thickness of the vapour is greatly increased, and at sunset it is calculated that the 
light of the sun has to pass through two hundred miles of air in illuminating a 
cloud a mile above the earth. Hence, as the rays fall more and more obliquely on 
the clouds, they appear successively yellow, orauge, and finally red. The varied 
colours of the sun at sunset are caused by the clouds appearing at different heights 
and in different parts of the sky, so that various thicknesses are interposed between 
them and the sun. At dawn the clouds first appear red, but as the sun rises hi^er 
the yellow light ceases to be absorbed, and the clouds appear orange, yellow, and 
finally white. It is evident that a high red dawn may be regarded as prognostic of 
settled weather, because the redness seen in clouds at a great height, while the sun 
is yet below the horizon, may be occasioned by the great thickness of the vapour 
screen through which the iUuminating rays must pass before reaching the clouds, 
and not to any excess of vapour in the air itself. But if the clouds be red and 
lowering in the morning, it may be accepted as a sign of rain, since the thickness 
(Page 323) traversed by the illuminating rays being now much less the colour must 
arise from an unusual amount of vapour in the vesicular state and in the state in- 
termediate between the vesicular and the gaseous, when the yeUow and red rays 
(Pa{ie 325) pass. The time of diminution of atmospheric polarisation occurs in the 
earlier part of the day, when vapour is carried by the ascending currents into the 
higher regions of the atmosphere by which the cumulus cloud is formed, and no 
doubt higher up invisible crystals are deposited similar to those of the cirrus ; and 
the period of increase occurs towards evening when the temperature of the lower 
(Page 326) stratum of air is falling, and the ascending currents having ceased, the 
cumulus clouds are dissolving and the quantity of invisible crystals likewise di- 
iniiiishing. Thus the maximum of polarisation occurs at that time of the day when 
the air is least encumbered with the invisible crystals of ice and the minimum when 
the crystals are in greatest abundance. From the above results, especially those 
showing the influence of the different state of the aqueous vapour of the air on its 
polarisation, we see the importance of this property of the atmosphere as a branch 
of meteorology ; when the subject has been more widely observed and the law of 
its modification by the presence of aqueous vapour is more accurately known, it is 
probable that the knowledge may be turned to excellent practical account, in giving 
the earliest indication of the commencement of the saturation of the air in the 
upper regions, and inferentially of the approach of storm and of the rainy season 
(Page 33^) within the tropics. If, after an unusual prevalence of S.W. wind, the 
N.E. wind should set in, it is probable that easterly winds will prevail. If the season 
be summer, the weather will become dry, warm,' and bracing, particularly if the 
(Page 332) wind be E. or S.S.E. If easterly winds preponderate lai^ely above 
the average in spring, the summer is likely to be characterized by S. W. winds 
with much rain and moisture ; but if easterly winds nearly fail in spring they are 
likely to prevail in summer, bringing in their train dry, warm, bracing weather, 
clear skies, and brilliant sunshine. Sir John Herschel, in his ' Familiar Letters,* 
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itaies that the moon has a tendency to clear the sky of cloud and to produce not 
otoly a serene but a calm night when so near the full, as to appear round to the eye. 
William Ellis examined the records at Greenwich from 1841 to 1847, and shows 
that such a striking effect does not exist. The popular opinion probably arises 
{Pcige 333) from the circumstance that the clearing of the sky near the time of full 
moon arrests the attention, whereas the clearing of the sky when the moon is not 
present is less likely to be noticed. Park Harrison has shown that shortly after 
full moon there is a tendency to dispersion of cloud, which though not very marked 
is yet Tery appreciable. Dr. Arthur Mitchell, in his * Prognostics,' states that the 
farmers of Berwickshire say that when a long strip of cloud they call a salmon or 
Noah's Ark stretches in an E. and W. direction it is a sign of stormy weather, 
when in a N. and S . direction it is a sign of dry weather, or, as a weather saw 
has it — 

* North and south the sign o' drought, 
East aod west the sign o' blast.' 

When the cirrus cloud stretches from north to south, or more correctly from 
N.W. to S.E., atmospheric pressure is at the time, at least, in regions immedi- 
ately surrounding Great Britain at the normal height, and there being thus 
no disturbance indicated, drought or settled weather may be looked for as the 
barometric pressure in Europe is about the average. But when the cirrus stretches 
in bands lying E. or W., or from S.W. to N.W., there is great atmospheric- 
disturbance indicated pointing to a system of low pressure somewhere to the^ 
W. or S.W., from which a column of moist air is ascending and flowing as an 
uj^r current over Great Britain, and from experience we know that this current 
will ultimately prevail lower down, saturating the air as it descends in preparation 
for the storm which is advancing. The pocky cloud described by Dr. Olouston ia 
stated to be followed invariably by a st.orm in about twenty-four hours. Its lower- 
edge most be well defined, for a similar cloud with the lower edge of the festoons 
shaded away is followed by rain only. This cloud is probably caused by large 
volumes of saturated air forcing their way through drier and colder air, the form of 
this cloud suggesting moist air diffusing itself horizontally or from above, just as the 
formation of the cumulus indicates diffusion upwards. If this supposition be correct 
it shows the moist warm current to be of greater strength than usual, and a sudden 
commingling of air currents, differing widely in temperature and degree of satu- 
ration. 

Buohan, A. Joum. Sect. MeUord, Soc., vol. ii. (1869), No. for October 1868 {rvp), 
iPage 208. ) Of the causes which render the atmosphere specifically lighter, and 
therefore lower the readings of the bai*ometer, may be stated an excess of vapour 
over a restricted region, or the withdrawal of vapour from the atmosphere where it 
is condensed into rain or snow. Observation indicates that the greatest quantity of 
vapour at any place occurs immediately in front of a storm, the amount increasing^ 
as the barometer falls ; and that immediately after the storm has passed, or as soon 
as the rear of the storm begins to advance over a place, the quantity of vapour 
rapidly, and in some cases suddenly, diminishes. Now since air when it contains a 
{Pcige 209) considerable amount of vapour is specifically lighter than air which 
contains less, there is presented in the front part of storms, as compared with 
what prevails in contiguous regions, a disturbing cause, which, by making the whole 
mass of air lighter, necessitates an ascending current. Charts show that in storms the 
centre of the clouded and rainy region approximately corresponds with the space 
of least pressure, or to state it more accurately, it lies a little to the east of the place 
where barometers are lowest. When vapour is condensed into drops which fall as 
rain or snow, its pressure is withdrawn from the air ; and, for a time, a diminution 
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of pressure proportional to the amount of vapour abstracted is the consequence. 
But in the act of condensation latent heat is given out, which, by passing into the 
surrounding air, maintains a higher temperature in the ascending currents than 
could otherwise hold good. Thus the tendency of cloud and rain is to lower the 
(Page 200) barometer, and so bring about the disturbance of the atmosphere which 
we see prevailing everywhere in storms. 

F. R. H. Symoru's Mtt€orol Mag., vol. iii. (r#p.) 

{Page 102.) While we were in Abyssinia — ^J'ebruary, March, April, and May— 
the sky was invariably clear from dawn to noon ; but at some time during the after- 
noon, in the later part of the season, clouds appeared in the sky, and this occurred 
with a most remarkable. pimctuality. It was evident to us that at the same place 
the phenomenon would occur day after day at the same time within an hour or so. 
There was often misl at dawn, but this mist was soon dispelled by the sun, and only 
precipitated at all on three occasions. This would be merely a local accident, and 
may be neglected. But the daily punctuality of the gathering clouds from which 
we often got a hail or rain shower could not pass unnoticed. This was no peculiarity 
of the year we were there, for mention of rain frequently occurs in the statements of 
travellers over the same ground at the same time of the year, and almost invariably 
towards the end of the day's march, which would naturally be between 3 and 6 pm. 
While we were along the Eastern Highland I believe the vdnd was constant from 
E.N.E., or N.W., although it was often deflected by the hills and valleys. 
This being the case, of course it brought with it from the lowlands, or perhaps 
even from the sea, vapour, which would be precipitated on striking against the lofty 
mountains. Hence the punctuality and also the reason of rain not falling in Uie 
morning. For during the night the evaporation would not take place in any con- 
siderable quantity. Perhaps it would be possible to calculate from whence the 
major part of the vapour came by noting the speed of the wind and the time of the 
arrival of the vapour which formed cloud on striking the mountain tops. 

Qritton, P. B. Symom's Meteorol. Mag., vol. iii. {rsp.) 

{Page 106.) Sir J. Herschel, in Good Words for 1864, says that a clear sky and 
a serenity of weather at night are the usual accompaniments of the period of full 
moon, a tendency of which we have assured ourselves by long-continued and 
registered observations. (Editorial. Ellis finds from observations made every two 
hours day and night at Greenwich during seven years, 1841-47, that Heischel'f 
theory is unsupported. Arago says, * La lune mange les nuages,' and our sailors 
say, * The full moon eats up the clouds." 

Luck, Richard. Sgmons's Meteorol. Mag., vol. iii {rsp.) 

(Page 106.) I have noticed in North Wales that before a coming gale of wind the 
light clouds are, especially soon after sunrise, brilliantly illuminated with gorgeous 
orange colour. What is the connection between them ? 

Lyell, Sir C. {B. 1868, 5.) 

(Paye 496. ) Peat only grows in moist places having a sufficiently low temperature. 

Mann, R. J. Journ, Roy. Geog. Sck., vol. xxxvii. (1868) (ra). 

(Page 57.) The summer in Natal is a season of very frequent cloud. The sum- 
mer heat is tempered by cloud screens and constant evaporation. The winter is a 
season of almost constant sunshine. At the Cape of Good Hope the summer is dry 
(Pcu/e 68) and the winter wet. Almost every day in summer gets cloudy soon after noon, 
and the clouds continue to shroud the sky and screen the ground until far into the 
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night, when the sky clears. The mean humidity at Maritzburg at 9 a.m., based on 
(Page 63) eight years' observations, was 71*2 ; at 3 p.if., 601 ; and at 9 p.m., 8*34 ; 
mean for the year 70*8. 

Raimondiy Ant. Joum. Roy, Geog. Soc., vol. xxxvii. (1868) (r<). 
(Page 121.) The town of Ayapata in Peru is subject to neblina, or mist, generally 
towards the evening. It is so dense that objects are not to be distinguished a few 
paces off. Nearly all the towns situated on the eastern slope of the great chain, and 
between 8,000 and 12,000 feet above the sea, have this visitation of the neblinas. 
The phenomenon is owing to the currents of air being in one direction during the 
day and in another during the night. In the morning the elevated portions are free 
from mist, but the lower and hot parts are then fiUed with a dense stratum o 
▼apours. The elevated portions of land being at these ihours first exposed to the 
Mun are heated, and a current of air from the lower and hot parts is thereby caused, 
and the vapours are carried from below upwards, and are dissolved in the higher 
regions owing to the sun having heated them. In the evening the atmosphere 
(^Pagt 122) becomes cold, and the vapours are condensed to form the neblinas. At 
night a down current is set up by the cooling of the lower regions, the mists fall as 
water, leaving the air clear. 

Strachan, R. (5.1868, 11.) 
(Page 18.) The forecasting of cloudy, overcast, or clear sky must be rather a 
matter of shrewd guessing than an application of any definite rules. 

Symoni's Meteorol. Mag., vol. iii. (r<p.) 

(Page 111.) The observer at Derby remarks on the absence of dew at that place 
during July arising from the dryness of the air, hot nights, and bleached condition 
of the grass (colour being an element in its formation). 

(Page 118.) Foumet, in * Commission Hydrometrique et des Orages,' 1866, notices 
that during stormy weather the S.W. winds arrive in the Rh6ne department 
almost saturated with vapour, which at times produce detached clouds around the 
mountain tops ; at others banks of clouds, whose thickness varies, according to the 
intensity of the operating causes. In either case, owing to the carrents of air, these 
clouds are so elongated that they may for distinction be called ' storm columns,' 
from their resemblance to columns of troops. Sometimes it happens that these 
bands are dissolved in passing from the mountains above the plains, while if the 
atmosphere is nearly saturated the elongation becomes considerable, and as our 
(Page 119) mountain tops are close together the celestial vault is carpeted 
with these columns, which remain parallel among themselves in a S.W. N.E. 
direction ; lastly, if they are in a state of saturation, the vapour is condensed all 
along the bands ; then aJso a very large dense and low stratus is formed, rain falls 
throughout, but traces of the column arrangement remain. Occasionally bands 
are formed from N. to S., when prolonged thunderstorms reign amid the peaks 
of our western moimtains. Sometimes the phenomenon is confined to the S., 
sometimes to the N., and sometimes one or two bands alone are formed. Among 
the many interesting phenomena connected with these columns motion is but one ; 
the unequal distribution of wind force, of lightning, and of vapour often appearing 
at interrals like waves, fully merit the notice of meteorologists. 

(Page 194.) C. Meldrum, in his * Meteorology of Port Louis,' in the Mauritius, 
notices that the curve of elastic force of vapour harmonizes exactly with that of 
temperature. The air is driest f63*6) at 1 a.m., and most humid about 3 p.m. (69*9). 
Daring seven years the air was never saturated, the nearest approach being 96*7 on 
August 2l8t, 1860. He refers toj[the double maximum and minimum of atmo- 
spheric pressure and to Dove's explanation. But he finds that at Mauritius the 
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pressure (exclusive of the assumed vapour pressure) has a progression similar in sll 
respects to that of the total pressure. Therefore, the phenomenon in question 
cannot be accounted for by the direct action of the vapour pressure. The nights 
{Page 195) and mornings are comparatively cloudless ; towards 10 a.m. the clouds 
gather ; by 2 p.m. it is often wholly overcast, and in the evening clear again. The 
mean amount of cloud is 4 '7. 

1869. 
Brumham, G. D. Symont^s Meteord, Mag^ vol. iv. {rfp.) 

(Page 66.) The position of the moon in the equator with regard to our [British] 
meridian has an important influence on drought. The rules are :— 1. When on any 
day between the middle' of March and the middle of September the moon reaches 
perigee or apogee in the afternoon within about an hour (say seventy minutes) of 
the time she comes to our meridian (and here I may say that the southing must 
occur in the afternoon, or at any rate at not more than twenty minutes after mid- 
night) a long period of deficient rainfall will occur about that time or set in a few 
days afterwards. 2. In any year when lunar perigee occurs entirely or very frequently 
(Page 59) in south declination, if the moon crosses the equator on some day between 
March and October, within fifteen minutes of her southing, a long period of drought 
will set in (if it has not already commenced) shortly after the day when these latter 
phenomena occur. [A table is given of all the instances which have occurred of 
these two laws since 1833, with descriptions of the weather which was assodated 
with them in South-east England.] When the sun reaches perigee within forty 
minutes of noon or midnight, the succeeding summer has always several months of 
very dry weather,, and the rainfall of the period from March to September indusiTe 
is always below the average. [All the instances which have occurred since 1833 are 
given.] The foregoing rules appear to be very infallible. 

(Page 59.) According to the law, fine weather for harvest should set in soon 
after August 9th, and be dry for a long period. There should also be a month of 
deficient rainfall in the latter part of May. 

[These notes, of course, refer to rainfall, but as they indirectly indicate dryness 
of the air they are entered here.] 

(Page 88.) I did not regard the slight deficiency of rainfall noticed by Mr. Ryves 
as evidence of drought. There may be drought with an average rainfall, as by 
drought is meant a number of days in succession without rain. My rules refer to 
(Pa^ge 89) my district, and are correct for it. I do not know how other districts 
may be afiected by them. 

(Page 107.) I should have mentioned that in 18G8 lunar perigee occurred in our 
meridian on March 5th. This may have inclined the weather to drought. 

(Page 108. ) There are other causes of great drought, such as great heal The 
principle of uniformity with regard to the moon's positions near the equator (in 
December, January, April, or May) appears to cause a high summer temperative, 
and in that way to influence the rainfall. For instance, on April 20th, 1868, the 
mocn at midnight was 0^46' north of the equator, and on May 3rd she was 46' south 
of tlie equator at the same time. The period of great heat and drought which set 
in about the end of April appears to have been caused by this uniformity. The 
instances that have occurred since 1766 are rare, but in every case great heat and 
drought accompanied the lunar phenomena. 1788, 1800, 1807-8, 1818, 1826, 1842, 
1859, and 1868 were the only years in which this particular lunar .uniformity 
occurred, and each year gave us a summer of great heat and drought. In 1846, 
1857, 1859, and 1868 another kind of lunar uniformity occurred, and these years also 
gave us intense heat and much dry weather. 
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A- Joum, Scot. Meteorol 8oc., vol. iL C1869), No. xxiv., October 1869 (rrp). 
(Pciffe 342.) In Scotland the monthly curve of lightning without thunder roughly 
(Faffe 343) follows the curve of relative humidity. 

Griffith, C. H. Symotu'B Meteord, Mag,, vol. iv. (r«p.) 

{Page 40.) Which is the correct way of computing mean daily humidity? By 
using Glaisher's tables at low temperatures I sometimes get a much greater mean 
temperature of the wet bulb than of the dry. Thus on October 24th I had— 
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Home, D. Milne. Jtmm, Scot. Meteorol. Soc., vol. ii. (1869), No. xxiii., July 1869 {rvp), 

{Page 313.) Baddeley says when whirlwinds are running about white patohes of 
cirro-cumulus are frequently seen in the clear blue sky exactly resembling flakes of 
teasled cotton, having rotatory motions throughout, forming and then rapidly dis- 
solving, or ascending with whirling motions in the upper regions. 

Kesteven, W. B. Symons't Meteorol. Mag,, vol. iv. {np.) 

(Page 179.) The dry bulb is generally from '6° to 1*5° too low, owing to evapora- 
tion of moisture condensed on it from a very moist air. 

Rjrves, Q-. T. Symont^s Meteorol. Mag., vol. iv. {rtp.) 

{Page 67.) Mr. Brumham's rules do not seem to be infallible. He regards '03 
in. ['3 in. Ed.] deficiency of rain as evidence of drought ; and this rule should, but 
does not, apply to all places in the same meridian. In the summer of 1868 it was 
dry here, but in South Europe it was exceptionally wet and cold. At Brome we find 
June and July were wet and cold ; August and September scarcely warm ; Novem- 
ber and December wet, cold, and foggy. The difference of meridian from Greenwich 
is not more than fifty minutes. Hence the moon was within fifty-five minutes of its 
southing at Rome, and the case was fairly within Mr. Brumham's rule. Scotland 
has the same meridian as England, yet we sometimes have extreme wet there, while 
South England is exceptionally dry. 

Stewart, Balfour. Symons^t Meteorol. Mag., vol. iv. {rsp.) 

{Page 153.) The amount of vapour present in the air affects the skin of the 
human body and the leaves of plants ; but I am not aware that it has yet been 
determined by the joint action of naturalists and meteorologists what is the precise 
physical function which expresses proportionately the effect of moisture upon animal 
and vegetable life. Is it simply relative humidity 1 or does not a given relative 
humidity at a high temperature have a different effect from that which it has when 
the temperature is low ? I wiU, however, here consider the matter from the physical 
science point of view. As such it is one of our objects to ascertain the distribution 
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and laws of mption of the diy and wet components of our atmosphere ; and it can- 
not be denied that at the present moment we are in very great ignorance of these 
laws. As we cannot trace the motions of individual particles of air, or vapour, we 
must arrive at it indirectly, by frequently ascertaining the amount present 'at any 
one station at any moment The best way of measuring the amount is the mass of 
vapour present in a cubic foot of air. With regard to the motion of the atmosphere, 
and of the vapour, we can gauge the mass of air and the mass of vapour passing a 
station horizontally. We have no means of getting at the vertical motion, and we 
{Page 154) must detect this indirectly. We ought also to determine the production 
or consumption of the vaporous element of our atmosphere as it passes from place 
to place. This might be done could we keep an accurate account of the evaporation 
and the precipitation ; but this would be a very difficult operation. To recapitulate 
we can now determine — 1. The mass of vapour actually present at a station from 
hour to hour. 2. The mass that passes a station in one hour going east and w^ 
3. The same going south and north. There are wanting 4. The vertical compo- i 
nent of the motion of vapour. 5. Its production or consumption as it passes from 
place to place. These deficiencies maybe, to some extent, overcome by the foUowisg 
considerations. First, the atmosphere moves as a whole when it moves, the dry and 
moist air moving together ; secondly, dry air is neither capable of production nor of 
consumption, but always remains constant in amount. To illustrate this part of 
the subject, let it be supposed we wish to investigate the vertical motion of the 
atmosphere at a certain station. Make this station the imaginary centre of a drde^ 
the circumference of which may be supposed to be studded with other stations at 
sufficiently frequent intervals so that we can tell hour by hour how much dry air passes 
in towards the centre, and how much passes out away from it. Suppose more air 
passes in than passes out. But if we find a diminution in the stock of air at the 
centre, some must pass upwards and carry the vapour with it. Now as to the 
vapour. The hygrometric quality of the air may be represented by — 

Mass of vapour in a cubic foot. 
Mass of dry air in a cubic foot. 

This quotient can only alter by evaporation, or by precipitation, or by mixture. 
The hygrometric quality of the air may perhaps be considered as a quality suffi- . 
ciently constant to aid us in tracing the actual motion of the air. But besides 
this aid we may make use of it to enable us to tell the precipitation or evaporation. 
For instance, a very damp air in passing over a very dry country may be supposed 
to emerge less damp, having its hygrometric quality changed, and so with r^aid 
to dry air traversing a damp country, the chuige being in the opposite direction. 
Thus by actual observation of the quality of the air at the time of its reaching some 
particular tract of land or ocean, and at the time of its leaving it, we may poflslbly 
get much better observations of what goes on in the country, as far as this particular 
(Page 155) research is concerned, than if it were studded with gauges. Meldnim 
suggests that summaries should be given of the aggregate wind in definite directions, ' 
and Airy suggested that the phenomena could be best studied when the wind i« 
constant in the same direction for a long period. 

Stow, y. W. Symons's Meteorol. Mag., vol. iv. (r«/>.) 
{Page 85.) The drought in 1868 began in April, and wet weather set in on 
August 6th. But Mr. Brumham claims it was dependent on the position of the moon 
on July 20th. This is like putting the cart before the horse. , 

Symons, G. J., and R. Field. St/monis Meteorol. May., vol. iv. {rtp.) \ 

(Page 132.) They notice the variable results given by the observers of evaporsr j 
tion, 11 in. in one case, and 48 in. in another, for the same year ; and they \ 
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andemn the method proposed by Daniell. The chief source of error is the ab- 
lormal heating of the water in the evaporators. They made a series of experiments 
n the canal of Burgundy in large tanks, and found the amount to be half that 
generally assumed. More reliable instruments are necessary. 

Symont't Meteorol. Mag,^ vol. iv. {rsp,) 
(Page 65.) Would it not be an advantage if a few observers would concentrate 
heir attention on the character of the sky as indicative of weather ? Clouds should 
Page 66) be methodically observed and tiie observations reduced to a tabular form, 
18 for instance, thus : — On left-hand page of a foolscap-sized book rule 16 columns 
for— 1, date ; 2, hour ; 3, temperature ; 4, barometer ; 5, wind direction ; 6, wind 
force ; 7, rain ; 8, amount of cloud ; 9, forms of cloud ; a, cirrus ; 6, cirro-cumulus ; 
c, cirro-stratus ; dy cumulus ; e, cumulo-stratus ;/, stratus ; g, nimbus ; h, scud. The 
[Page 84) proportion of sky occupied might be given as nearly as can be estimated. 
The colour of the sky is modified by the combination of three tints — viz., the blue, 
which is reflected by the particles of air ; the black of space ; and the white of the 
vesicles of fog and flakes of snow. The blue rays are darkened by the one, and 
lightened by the white of the vesicles of fog. When we ascend in the atmosphere 
we leave a great portion of the vesicles of vapour beneath us, so that while the 
rays reach the eye in less proportion, and the sky being covered with a lesser number 
of particles reflecting its light, the colour becomes of a deeper blue. For the same 
reason the blueness of the horizon is less intense than at the zenith. If the sky is 
paler in the open sea and in high latitudes than in the interior of the continents 
and in the neighbourhood of the equator, it must be attributed to the vesicles 
of fog. 

Wild,H. (B. 1869, 12.) 

{Page 294.) When objects in the distance are obscure and hazy, it is regarded as 
a sign of fine weather, but when they come out unusually distinct it is considered to 
be a sign of approaching rain. De la Rive's explanation is that the air is rendered 
opaque by the presence of dust and vegetable germs. When the S.W. winds blow 
the air becomes moist, the corpuscles absorb moisture, and being rendered heavier, 
fall to the ground, leaving the air more than usually transparent. Marshal Yaillant 
explains the difference by the greater or less prevalence of vertical air currents. 

1870. 
Ansted, D. T. Physical Geography^ 4th Ed., 1870. 

{Page 59.) Area of water is 145 million of square miles. Water area north of 
[Page 61) the equator equals 59 millions of square miles ; south of the equator, 
[Page 150) 86 millions of square miles. The excess of evaporation above rainfall is 
[P(Mge 238) directly or indirectly one of the most important causes of oceanic cur- 
rents. The sun's heat reflected from the shining moon is absorbed by our atmo- 
iphere before it reaches the earth, and thus tends to disperse cloud, and produce 
{Page 271) coolness on the earth by allowing of increased radiation. When rain 
has recently fallen, it is often curious in mountain countries to watch the incessant 
and rapid formation of cloud over some small wooded patch of land, the moisture 
from the warm* earth steaming into the chilled air, and being immediately con- 
verted into mist, which gradually accumulates until it breaks away and drifts to a 
distance, assuming a distinct cloud nature. It is equally curious to observe a nar- 
row side valley in a mountain district, covered for hours together with mist and 
rolling cloud, while the larger and more open valley into which it opens has a per- 
Eectly clear sky. The cause of this is obvious. The lateral valley, enjoying less of 
the min's rays, is colder than the more open valley adjacent ; the air as it passes is 

376 



AQUEOUS VAPOUR 1870. Ansted. NOTES. 

therefore sucked up the side valley, and coming into the cooler temperature of its 
sides is at once condensed into mist. Such mist may often turn into cloud. The 
clouds below 10,000 feet are more massive than those above, and are more influenced 
(Page 272) by local causes. The quantity of vapour existing in the air in an in- 
visible form depends on local temperature, and is probably at no time uniform 
over any considerable area, and certainly never the same for twelve hours together 
in the same place. It is found that when the temperature is 50° F. each cubic yard 
of dry air (about 168 gallons) can hold nearly 150 grains of water; at 32^ F. 
(Paye 273) only half this ; and at 70*^ F. nearly double. Condensed vapour has a 
tendency to assume the form of the object by which it is caused. Thus, when 
mountains are present, a cloud seems to fix itself at the summit or on the sides of 
the mountain at a certain level, and there obstinately remain, as on Table Mountain 
and Mount Pilate. The warm wind loaded with moisture is chilled. The chill 
commences a short distance to windward of the object, and continues at a distance 
to the leeward of it, until the air is no longer affected by the cool surface it has 
{Page 274) been in contact with for a time. The doud is a driving mist. At the 
equator Humboldt observed the general direction of cirrus clouds to be N. and S. 
{Page 279), but with us they seem more frequently N.W. and S.E. Clouds neither 
float in the air like boats, nor are they retained only for a short time, like feathers, 
by friction and resistance ; nor do the particles of water in a cloud consist of hoUow 
spheres with void cavities or with their interior filled with light gas. Neither is 
the water cloud like the cloud of incense that rises and for a time floats in air while 
disseminating its fragrance. The permanence of clouds is due to the vapour at- 
mosphere being independent, and to the gases diffusing into each other, so that the 
{Page 280) heavier gases are held up by the lighter. The vapour may be set free 
without assuming a fluid form. It is possible that clouds are limited to air in 
motion, for it is quite certain that a cloud may appear in repose, even when violent 
and shifting winds are all around. The conversion of what may be called a dry 
cloud into a mist seems to be accompanied in all cases with electrical action. Owing 
{Page 285) to the unequal distribution of land in the two hemispheres, the aqueous 
vapour, which from the autumnal to the vernal equinox is developed to an im- 
mense extent in the southern hemisphere, returns to the earth in the other half of the 
year in the form of rain and snow. Immense physical force is exerted in the evapo- 
ration of water from the ocean. The total estimated rainfall is not much less than 
200 millions of millions of tons. Hence about 7000 lb. weight of water are 
{Page 286) evaporated every minute, on an average, throughout the air from each 
square mile of ocean. The conversion of this into vapour, its conveyance through 
the air, and its recondensation involves an expenditure of force equivalent to the 
lifting of very much more than 1,500,000 millions of millions of pounds of water, 
one foot high per minute of time during the whole period. Besides evaporation 
from the sea, there is also a very large evaporation from the surface of the land. 
This is a fraction of the real amount of force exerted, for much of the water raised 
by evaporation falls back as rain directly into the ocean. It is a work going on in- 
cessantly, and one that has probably been going on at nearly the same rate during 
{Page 302) all time. By the drainage of land and the removal of forests, the 
conditions of a coimtry are so far altered with respect to its rainfall and the moisture 
{Page 306) of the air, that the temperature becomes permanently affected. Ciintf 
clouds are often the first signs of coming wind and change of weather. In summer 
{Page 307) they announce rain, in winter thaw. When the round heaped clouds 
appear early in the morning they often gradually disappear as the day advances, 
and after noon the sky is clear ; but when they come on after noon and increase • 
towards evening, they generally terminate in rain. Among signs of fine weather, • 
an early and heavy dew has often been noticed. 
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Bidie» George. Joum, Roy. Geog. Soc., toL xxxix. (1870). Paper read January 25th, 

1869 (r«/>). 

(Page 78.) In the shade of the dense jungle forest of Coorg there is a 
dense undergrowth of moiature-loving plants, such as cardamom, canes, areca, 
plantain, tree and other ferns, wild pepper, arums, and orchids. The rain in 
{P<ig€ 79) Coorg mainly comes from the S.W. monsoon, which is the S.E. trade wind 
deflected westerly by the diurnal rotation of the earth, and as this passes over 
an immense expanse of ocean ere it reaches the land, it becomes heavily charged 
with moisture in its course. The presence or absence of forests can have no appre- 
ciable inflaence on the amount of rainfall. At the same time, it must be stated that 
the natives of Coorg complain that of late years their country has become hotter 
and drier from want of rain, and that rice crops have been diminished or lost 
from a failure of water in streams that used to run throughout the year. These 
changes they attribute to the cutting down of forests on coffee estates. It is 
(Poi/e 80) only since the advent of the European planters, or during the last twelve 
years, that felling of forests to any considerable extent has taken place in 
Coorg, and as the clearing has progressed in annual instalments of comparatively 
small extent, the results have crept on gradually. There can be no doubt, too, that 
the evil influences called forth by forest destruction do not attain their full 
force immediately, but go on increasing from year to year until they acquire a most 
disastrous power. The spots that have been selected as sites for estates are chiefly 
situated on the flanks and crests of low hills, the sides and bottoms of ravines, and 
the slopes and passes running down on the west side of the Ghats to the low country. 
Such localities are, as a rule, densely wooded, and being well supplied with springs, 
give rise to numerous small streams. In fact, they may be looked upon as the 
fountains of the river system of the coimtry. The question then arises. To what 
extent are springs and streams in such situations dependent on the forests for their 
sapply of water, and what will be the effect on them of its removal ? Springs and 
small streams are fed by the water stored up in the earth during the rainy season. 
As the rain descends on natural forests, it is conveyed in various directions by the 
leaves towards the groimd, and on reaching this is prevented from running rapidly 
off by the dense undergrowth of shrubs and herbaceous plants, and a carpet of dead 
leaves. Below this it encounters a layer of vegetable mould, which, having a great 
afiinity for moisture, absorbs it like a sponge. As soon as the humus is fully 
saturated, it passes on what water may subsequently fall to the subjacent earth, and 
this process of percolation is in various ways aided by roots, which descend to great 
depths, perforating the densest subsoil, and even forming passages in rock. The 
quantity of water thus transferred to the depths of the earth and the reservoirs of 
springs is enormous, and when the dry season arrives the forest again plays an 
{Pa^e 81) important part by husbanding and giving off gradually the subterranean 
supplies. As the water rises, it meets with many obstacles, preventing its collecting 
into streams and passing rapidly away. Although the quantity of water taken 
up and exhaled by trees is very great, a proportion of it is returned as dew or fog, 
and what is wafted away is fully compensated for by other advantages resulting from 
the presence of forest. The influence of shade in modifying evaporation is well 
illustrated by what happens in the coffee districts after the April showers, which 
herald the advent of the S.W. monsoon. On an estate freely exposed, a day or two 
of sunshine after a heavy fall will have rendered the soil quite dry and hard 
again, whereas on an estate under forest shade the ground will continue damp for a 
week or more. Although their insignificance might lead to their being overlooked, 
there can be no doubt that the mosses, lichens, and succulent herbaceous plants 
which abound in tropical forests are also of considerable benefit in retaining 
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moisture, as during rain they abiiorb water like a sponge, and part with it again very 

slowly. It would, therefore, appear that there are numerous agents and conditions 

in natural forests favourable to the production and permanence of springs and streams 

which are not to be found in open ground, originally so or denuded of its trees by 

man. The facts thus elicited go far to prove that tropical forest is the cJma 

mater of springs and streams. Various instances have been brought to my notice 

of springs and small streams having become quite dry since the forest was cleared 

away in their neighbourhood ; while in numerous cases, those that used to be 

perennial only contain water now during, and for a short period after, the monsoon. 

Similar results have been found to follow the destruction of forests growing near 

the sources of streams in all parts of the world. Thus Palestine and other Eastern 

countries have been rendered desolate by the destruction of the forests that existed 

in them when they were so famous for their beauty and fertility, and in modem 

{Page 82) times many districts in France and America have had their water supply 

diminished, and fertile land converted into arid wastes, by the clearing away 

of woods around the head waters of streams. In a recent Mauritius paper it 

was stated that the culture of the sugar-cane had of late become precarious in 

the island, owing to the excessive dryness of the air and soil consequent on 

the cutting down of forests. For several years, too, the nutmeg trees of 

Singapore have been dying. A most graphic account of the disaster will be found 

in Cameron's * Malayan India,' and judging from the information there given as to 

the cutting down of forests to make way for the nutmeg, and the manner in which 

the trees died, there seems every reason to believe that their death was accelerated, 

if not entirely induced, by the reduction of humidity resulting from extensive 

clearing. The effect of forest^learing and burning of the undergrowth is to make 

the soil friable and easily removed, so as to leave the barren stony subsoil 

(Pa^e 85) exposed. The rainfall drains away rapidly. The plants which 

spring up in neglected clearings are such as grow in hot, dry situations. 

Forests reduce the temperature of the air chiefly by transpiration. The 

amoimt of water exhaled in this way is enormous, a sunflower having been 

found to give off from 20 to 30 ozs. daily. Although a tree under certain 

(Page 86) conditions will absorb moisture from the air, still the amount thus 

withdrawn is as nothing compared with what it gives off by transpiration. By 

a beneficent arrangement, too, the amount of exhalation increases within certain 

limits in exact ratio with the heat and dryness of the air, and thus the severity of 

the hot season is partially mitigated. Plants in the immediate neighbourhood 

of forest, even although enjoying no shade, show by the colour and luxuriance 

of their leaves that they are living in moister earth and air than those 

at a distance. As regards the soil, it is always very much damper in forests 

than in open ground. Forests are of great benefit to cultivated plants in their 

neighbourhood by promoting the deposition of dew, and causing fog. They also 

obstruct the passage of drifting fogs, and so make them part with some of 

their moisture ; and when a dry, scorching wind sweeps over a damp wood it is 

moistened, and rendered much less hurtful to vegetation. Again, when a 

cultivated valley lies at the base of a forest-clad hill, the moist stratum of air above 

the trees roUs down the slope to it in calm nights, covering each leaf and blossom 

with copious dew. That the cutting down of forests in Coorg has rendered both the 

earth and air there drier is clearly shown by many plants perishing that used 

to floiurish during the dry season, and by other remarkable changes. The most 

(Page 87) remarkable change produced by forest obstruction on vegetation has been 

the increase in species that formerly grew in hot and barren situations in the 

province. Thus we have in clearings several kinds of ficus, two macarangas, 

Sponia Wightii (charcoal tree), two solanums, CJeiodendroii infortnnabim, CaUi- 
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{Page 88) carpa fwriay several grasses, etc., all naturally inhabitants of pasture land. 
At the same time, several moisture-loving plants, such as ferns, aroidese, canes, 
wild plantain, cardamom, etc, have become much less common, or have disappeared 
in various tracts. The Solanuni ruhrum has become common in some places. 
PhysaUs Peruviana^ an exotic, has also increased in a wonderful manner, growing 
spontaneously in clearings all over the country. The plant that has been most 
influenced by forest destruction is the White Weed, or Ageratum Cordifolium^ 
which pursues the footsteps of tlie planter wherever he goes, springing up all over 
{Page 89) his clearings. Forests on the crests or slopes of hills on which important 
streams ariAe should always be carefully preserved, and the banks of streams should 
always, to the distance of twenty or thirty yards on each side, be left under wood, as 
its presence serves to keep up the water supply in the dry season. The rice lands 
in Coorg are very peculiar, being long, narrow, winding patches, surrounded by 
low forest-clad hills, from which they derive their water supply. Forest in the 
Dpper end of ravines should also be preserved, as it invariably gives birth to springs 
and streams. 

Chambers, C. SymotWi MeUorol, Mag^ vol. v., November. Paper read to tho British 

Association (/«). 

{Page 168.) Two distinct causes are assigned for the larger quantity of rain in 
the lower gauges : first, that damp air transferred by the agency of winds from a 
warm to a cold district, finds the latter region colder, not in the upper strata only, 
but also in the lower, and in cooling, has its vapours condensed as well in the lower 
strata as in the higher. Consequently a rain-gauge placed at any given elevation 
will catch rain, amounting to the sums of the condensations above it, and, there- 
fore, the lower a gauge is placed the greater will be the quantity of rain it receives. 
The second cause suggested supposes the particles in the air to be susceptible of 
electrical induction, and consequently, to be electrically polarized by induction 
from the ground, which is known to difier in electrical tension at all times from the 
atmosphere above it. This polarization of the particles of vapour gives rise to 
mutual attractions between them, and to their successive coalescence forming rain- 
drops, and the attractions being strongest near the ground the coalescence will 
there be most rapid. Consequently, not only should more rain be caught by a 
gauge at a lower elevation than by one at a higher, but the rate of variation with 
heights of the quantities received should be more rapid near the ground ; and this 
is in accordance with observation. The second cause also seems to explain the 
greater fall of rain over forest land ; and also, in part, the greater fall in moun- 
tainous districts, over land without trees, and over plains. 

Ck>nipton, T. A. Symont's Metforol. Mag., vol. v. (ra.) 

{Page 22.) At Bournemouth, on February 12th, at 2 p.m., the dry bulb stood at 
27*5° Fah. , and the wet at 23°, indicating a humidity percentage of 28. 

TVJTifta, Q. Etaporatton. Sf/monis Met turd. Mag., vol. v. (r«.) 

{Page 70.) As April has been very favourable for evaporation experiments 
(with a total rainfall of 4 in. on five rainy days), I send you a description of my 
gauges, with the amoimt of evaporation from each. No. 1 is 18 in. in diameter, 
and can be measured to ^Ij^ in. It was observed daily every morning. The results 
were as follows : — 

No 



IjrCHEB. 


No. 


IirCHES. 


No. 


IVCHKS. 


No. 


IvcHva. 


No. 


IXCHU. 


1 012 


7 


•120 


13 


•140 


19 


•146 


25 


•149 


2 -078 


8 


•117 


14 


•148 


20 


•173 


26 


•168 


3 -042 


9 


•153 


15 


•093 


21 


•211 


27 


•213 


4 091 


10 


•132 


16 


•109 


22 


•205 


28 


•120 


5 '090 


11 


•041 


17 


•128 


23 


•261 


29 


•064 


6 -094 


12 


•087 


18 


•165 


24 


•208 


30 


•068 
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The temperature of the water Taried from 32° to 77^ Fahr., tbat of the water in 
the river Mole from 39"* to 60'3^ No. 2 ia 8 in. in diameter, 6 in. deep, and ezpoied 
to the air. The meaanrementa are taken with a vertical float and an attached 
vernier. No. 3 ia 5 in. in diameter, 2^ in. deep, and expoaed to air. No. 4 ia 4 in. 
in diameter, 2 in. deep, and fixed at the top of the thermometwHitand. The 
(P<ige 71) oiitaide ia covered with felt to keep the temperature more even. 
No. 6 ia a 5-in. Caaella rain-gauge. The total evaporation during the month was 
reapectively — 



No. 


IVOSM. 


No. 


IVOHM. 


No. 


IVCKII. 


No. 


IVCKM. 


No. 


1 


8-816. 


2 


6-660. 


8 


6-710. 


4 


6-870. 


5 



4-650. ' 

Nob. 2 and 3 were placed by the aide of the l^in. gauge, about 4 ft. from the 
ground. No. 5 atanda by the aide of the other rain-gaugea, one foot above ground. 
In Noe. 1, 2, 3, and 4 the water was generally kept i-in. below the edge of the 
veeaebi. No. 6 waa rather lower, or about 1 in. The evaporation from No. 3 was 
76 per cent, greater than that from No. 1. Had the evaporation during the day 
only been given, the difference would have been &r greater, aa whenever the 
opportunity of observing the gauges twice during the twenty-four hours haa 
occurred, the evaporation from the amaller gauges during the night has been much 
less than from the larger ones. In 'British Rainfall' 1869, p. 156, it is said 
that the accuracy of an evaporation ia largely dependent on ita capabilities d 
retaining the temperature of the contained water at, aa nearly aa poeaible, that of 
large volumes of water, such as reservoirs, rivers, and ponds, which statement I 
endorse. One experiment showed this. From water at a temperature of from 90*7* 
to 85*" the evaporation was at the rate of *015 in. per hour ; from water at 62^, the 
temperature of the room, it was *0031 in. per hour. During May the evaporation 
from my gauges was : — 



ro. 


IiroKis. 


No. 


IircHvs. 


No. 


IVCHSS. 


No. 


Ivom. 


No. 


IircHU. 


1 


4-927. 


2 


5-621. 


3 


6-542. 


•4 


8-111. 


5 


5-840. 



The positions of Nos. 2 and 3 were varied, being sometimes in the earth, and 
sometimes in water, nearly to the level of the upper rim. The temperature of 
the water in gauge No. 1 varied from 33° to 84° ; that of the water in the river 
Mole 46" to 66•8^ (See Notes, 1786, Williams, Exp. 2.) 

Dines, G. {B. 1870, 3.) 

(Page 79.) Paper on evaporation and evaporation-gauges, read before the 
Meteorological Society of London. His conclusions are : 1. The greatest cause of 
evaporation is the movement of the air. 2. Whatever tends to increase the 
temperature of the air increases evaporation, and vice versd, 3. That which tends 
to lessen the temperature of the dew-point increases evaporation, and vice verad, 

Srskine, St. Vincent W. Joum, Roy. Gto§. Soc^ vol. xxxix. (1870). Read June I4tb, 

1869 (rj»). 

{Page 245.) On the Bembe the sky was generally clear towards early morning, 
and until 10 or 11 o'clock ; but after that, bank after bank of clouds would blow 
up from seaward and completely obscure the sun. 

JB'uller, F. Symona's JfeteoroL Mag.^ vol. v. (r*.) 

(Page 59.) A self -constituted instrument similar to SnelFs aneroid hygrometer 
may be seen at the Charing Cross lift, which is regulated by a thick rope passing 
along its whole length. The porter in charge will tell you any day what the 
weather is going to be by the slackness or tightness of the rope. 

Poey, A. (5.1870,14.) 

(Page 382.) He says, each country, according to its geographical position, has its 
3»0 
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own type of clouds. Here the cirrus predoniiiiates, there the cumulus, elsewhere 
such and such forms, which do not exist in other places. 

Somerville, M, (J5. 1870, 17.) 

{Page 218.) The ocean covers three-fourths of the earth's surface. There is 

three times more land in the north than in the south hemisphere. The superficial 

extent of the ocean is probably unaltered. The difference in the composition of 

{Page 223) sea water depends upon local circumstances. Thus the ocean contains 

more salt in the south than in the north hemisphere, which is supposed to arise 

from the S.E. trade- winds blowing over a greater expanse of water than the N.E., 

and causing a greater evaporation. The sea is heated at its surface by the 

{Page 229) direct rays of the sun, which produce a strong and rapid evaporation , 

especially in the tropical seas of the ocean. It is computed that 186,240 cubic 

miles of water are annually raised from the surface of the globe in the form of 

vapour, chiefly from the inter-tropical seas. The enormous quantity of water thus 

carried off by evaporation in the warm seas disturbs theii* equilibrium, which is 

{Page 252) restored by means of the currents. There is probably not a drop of 

water on the earth's surface that has not been borne on the wings of the wind. 

{Page 254) Jets of steam of high tension are frequent in volcanic countries. 

{Page 296) Many salt lakes may be remnants of the ancient ocean left in the 

depressions of its bed as the waters retired when the continents were raised above 

itB surface. There are more lakes in high than in low latitudes, because evaporation 

is much greater in low than in high latitudes, and in this respect there is much 

analogy between the northern plains of the two principal continents. By the 

{Page 306) constant evaporation of their surface lakes maintain the supply of 

humidity in the atmosphere so essential to vegetation. The evaporation over the 

{Page 314) surface of the ocean is so great, that were it not restored, it would 

(Page 316) depress its level about five feet annually. In consequence of the unbounded 

extent of the ocean in the south, the air is so mild and moist that a rich vegetation 

covers the groimd, while in the corresponding latitudes in the north the country is 

barren from the excess of land towards the Polar Ocean, which renders the air dry 

{Page 319) and cold. [See statement at p. 421.] The aqueous vapour is most 

abundant in the torrid zone, and, like the heat on which it depends, varies with the 

latitude, the season of the year, the time of the day, the elevation above the sea, 

and also with the nature of the soil, the land, and the water. The N.E. trade-wind 

{Page 323) arises from the south side of the calm belt of Cancer, and a S.W. wind from 

its north side. They leave the calm belt loaded with vapour, which is precipitated 

as they pass into a colder zone. These S.W. winds do not obtain that enormous 

quantity of vapour while crossing the Atlantic, for they probably give by rain as 

much as they receive by evaporation ; therefore it can only come from the south 

hemisphere. The S.E. trade -winds carry the moisture evaporated from the great 

southern ocean to the equator ; there they rise into the higher regions of the 

atmosphere, and blow as an upper current in the calm belt of Cancer ; and now, 

being chilled, they sink down and come out from the north side of the calm belt as 

Uie rainy S.W. winds of the extra-tropical north hemisphere. The same reasoning 

{Page 326) applies to the calm belt of Capricorn. The influence of the heated great 

plains is felt 1,000 miles or more at sea. Thus, though the desert of Gobi and the 

sun-burned plains of Asia are for the most part north of the latitude of 30", their 

influence in producing monsoons is felt south of the equator. In like manner the 

Central American monsoons of the Pacific are caused by the heated plains of Texas 

and Utah ; those of the Mexican Gulf by the dry lands of New Mexico ; and the 

monsoons of the Gulf of Guinea by the sandy deserts of Africa. Similarly, also, the 

heated interior of Australia causes an indraught of air during the time the sun is 
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south of the equator, and a N.W. monsoon, caused by the reyeraal of the S.E. 
{Page 334), brings rain to all the north coast. A thick lurid appearance, with 
{Page 338) masses of doud on the horizon, is a harbinger of typhoon. The 
about twenty-five millions of square miles of sea in the north hemisphere, and 
aeyenty-five in the southern ; besides, the zone of the S.E. trade-wind is 
greater than the northern, and covers three times as much water, yet the 
annual amount of rain in the northern hemisphere is probably about 2 
and 26 in. in the southern ; for the vapour from the great reservo 
the equator and the southern hemisphere is wafted by the S.E. trad* 
in the upper regions of the atmosphere till it comes to the calms of C 
where it sinks down and becomes a S. and S.W. surface-wind, and th' 
condensation begins that feeds all the great rivers of the world. Rains, fog 
are much more frequent and irregular on this side of the equator than on the 
Throughout all the countries in the north hemisphere, where obeervationi 
been made on the variations of atmospheric moisture, it appears that the air cc 
absolutely less vapour in January than in any other month of the year, yet i 
{Page 339) time there is the greatest dampness to our sensations ; while in Ji 
air feels driest, although, on account of the heat, evaporation is the greatei 
aummer the dew-point is much further below the temperature of the air t 
winter, hence the air is drier. When the moisture is abundant and the i 
great, which is often the case before rain, the air is very transparent, and 
objects appear nearer, and all their details are more distinctly seen ; fro 
circumstance, the clearer view of distant mountains and headlands indical 
{Page 340) weather. Dew is very abundant on the shores of continents, but i 
deposited on small islands in the midst of large seas, because on them the dii 
between the temperature of the day and night is not sufficiently great. T 
{Page 341 ) very little dew in the interior of continents, except near lakes and 
Pegs rarely occur at sea between the parallels of 30° N. and S., that is, o' 
the globe. The cloud region of the trade winds is from 3,000 to 5,000 fe< 
and it is generaUy higher over the sea than over the land for the same am 
vapour in the wind. In the north temperate zone the cloud region is high o 
land and low over the water ; and, as a rule, the further inland, the drier 
{Page 344) and the higher the cloud region. The equatorial belt of calms lies 
north of the equator in the Atlantic ; in it the winds meet, and, being 
elastic, they ascend, till, by the cold of the atmosphere, they are condensed i 
cloud ring which surrounds the earth and overhangs the belt of calms, bu 
the sky clear on both sides. New vapour is continually rising to the under- 
of this cloud ring, is condensed, and falls in constant rains. These rains fall 
the day, and morning and evening are free from storms. In the belt of cal 
air, being greatly heated by the vertical rays of the sun, ascends, drawing 
the whole mass of vapour the trade winds have brought with them, and wh 
been greatly added to by the rapid evaporation from the belt of calms 
vapour is condensed as it rises to the line of junction of the lower and upper 
In countries between 6° and 10° S. and N. there are two rainy and two dry » 
one which lasts four months, and another which lasts two. Within the tropi 
of calms and rains one period of the year is extremely wet and the other exi 
dry, the change occurring at the equinoxes. The monsoon region furnishes i 
instance of the effect of mountain chains upon the fall of rain. Through 
whole of that region it is not the sun directly, but the winds, that regul 
periodical rains. That region extends from the east coast of Africa and Mad 
across the Indian Ocean to the north districts of Australia, and from the tr 
{Page 346) Capricorn to the face of the Himalaya, the interior of CI 
Corea, and even round the north of Siberia. In the south hemisphere th< 
382 
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season corresponds with the N.W. monsoon, and the dry with the S.E. The 
extent of country on which rain seldom or never falls is five-and-a-half million of 
(Page 347) square miles. The prevailing winds are deprived of their vapour by 
eondensation before arriving at the rainless deserts. Between the tropics it rains 
rarely during the night, and for months together not a drop falls ; while 
in the temperate regions it often rains in the night, and rain falls at all 
(Page 352) seasons. The atmosphere, where rarefied, absorbs all the colours of the 
son's light, except the blue, which is its true colour.' In countries where the 
air is pure the azure of the sky is deep ; it is still more so at greater elevations, 
where the density of the air is less, and its colour is most beautiful as it gradually 
softens the outlines of the mountains into extreme distance, or blends the earth 
with the sky. When the sun is near the horizon, the atmosphere, on account of its 
superior density, absorbs the violet and blue, and leaves the yellow and red rays in 
{Page 353) excess ; that property, together with the refractive power of the aqueous 
vapour, which is most abundant near the earth's surface, gives the roseate hue to 
the early morning, and the gold and scarlet tints to the closing day. The blending 
of these colours with the blue above produces the beautiful vivid green so frequently 
seen in warm countries. The last reflected rays of the setting sun are red. The 
{Page 357) electrical state of the air arises from evaporation, condensation, and 
chemical changes, but the water evaporated must contain matter susceptible of 
{Page 376) chemical action during evaporation. The greater part of the land is 
(Ptf^ 381) clothed with vegetation. The periodical phenomena of the appearance 
of the first leaves, the flowering, the ripening of the fruit, and the fall of the leaf, 
depend upon the annual and diurnal changes of temperature and moisture, 
ind succeed each other with so much harmony and regularity that, were 
^re a sufiicient number of observations, lines might be drawn on a globe 
ipproximately indicating lines where the leaves of certain plants appear 
amultaneously, and illustrating the other phase of vegetation. The gentianella» 
reronica, and other plants close their blossoms on the approach of rain. Since 
Page 383) the constitution of the atmosphere is very much the same everywhere, 
regetation depends principally on the sun's light, moisture, and the mean annual 
»mperature or heat of summer. Where rain does not fall the soil is unfruitful, 
mt where moisture is combined with heat and light, the luxuriance of the vegetation 
Page 389) is beyond description. Mosses are found ever3rwhere in damp situations. 
[PiMge 393) The labiates are remarkable for their aromatic qualities and love of dry 
[Page 421) situations. Beyond Kerguelen Land and Terra del Fuego not a lichen 
wvers the rocks. In the Arctic regions no land has been discovered destitute of 
[Page 426) vegetable life. Rice requires excessive moisture, and a temperature of 
Page 436) 73*4*. Each soil has its own kind of insects, whether dry or moist, etc. 
kA the rainy and dry seasons within the tropics correspond to our summers and 
vintera, insecta appear there after the rains, and vanish during the hot months ; the 
rain, if too violent, destroys them ; and in countries where that occurs there are 
two periods in the year in which they are most abundant, one before and one after 
the rains. Culex pipiens passes two-thirds of its existence in water. They swarm 
[Page 460) in the Arctic regions. In hot countries reptiles fall into a state of torpor 
[Page 461) during the diy season. Batrachians are aquatic in their early stage. 
[Page 462) Frogs are amphibious. Toads frequent marshy, damp places. Newts 
[Page 463) are aquatic. In sterile, open countries the proportion of venomous 
makes is greater than in those that are covered with vegetation. All the crocodiles 
Page 466) are amphibious, living in rivers or in their estuaries. Alligators are 
Page 489) most numerous in the estuaries of great rivers. Monkeys chiefly occur 
Page 494) in tropical forests. The jerboa burrows in sandy deserts. By converting 
Page 526) the desert into a garden, draining marshes, cutting canals, turning the 
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ooaneB of rivers, dearing away fOTosts in one place and planting them in olihfin^ its 
man has altered the climate^ and increased or diminished the quantity ol rain. 
Man's influence on vegetation has been immense, and it is chiefly thnrogh his 
tendency to cut down forest trees that he has produced the greatest amount cl 
change on the surface of the earth. In warm countries, districts which have no 
clothing of trees, the rainfall descends in sudden deluges, and the dry seasons am 
excessively prolonged. Thus the violent rain- wash prevents the ac cum ula t ion of 
humus, and the surface of the earth. is scorched to sterility by months of fierce son. 

Stow, Bev. F. W. Sjfmotu'i Meteorol. Mag^ toL ▼. (rt.) 
{Page 180.) The air is generally saturated most of the day during a sea fog hen, 
whatever Dr. Allnatt may say to the contrary. [No place is mentioned, but it is 
probably near Whitby.] 

Straohan* B. Syiium»*» Meteorol, Mag., vol. v. (r«.) 
{P<»ge 73.) Lament's evaporimeter consists of two bowls connected by a glass tube ; 
one is covered, the other exposed to the air. The tube rests on a scale of 25 in. t 
it contains an air bubble, which moves along the scale as the water is evaporated 
from the open vesseL 

Symont't Meteoroh Mag^ voL t. (r*.) 

{Page 2.) SneU's aneroid hygrometer is made by a private gentleman at Saltsah. 
It is made of a piece of whipcord, dipped in some solution (salt and water), fastened 
so as to act on an axle, and kept stretched by a lead weight. W. B. Kesteven 
tested it. He reports that it is extremely sensitive to the slightest change of 
atmospheric dryness or moisture, its rise or fall often anticipating change of the 
barometer and of the wet and dry bulb hygrometer. It Ib so far uniform in its 
{Page 3) susceptibility that an accurate scale would give indications of humidity ia 
the same way as the dry and wet btdb thermometer. It might be rendered more 
{Page 74) exact than it is. H. C. Bussell's table gives the humidity by simple 
inspection by means of curves. His values agree closely with Glaisher's hysro- 
(Page 75) metrical tables, 4th ed. ; but not with the first edition nor with Gayot 
It does not give a lower humidity than 40. 

{Page 93.) The country [England] is suffering from lack of rain for months, yet 
the moisture has always been close at hand. The upper r^ons of the air have been 
abundantly supplied with water. The moist south-westers have blown over the land 
The skies have even been for the most part cloud-laden, yet the winds have drifted 
onward those vehicles of the precious moisture. The moisture-laden air current 
which comes from over the Atlantic may flow so low that the western hiUs rob it of 
its wealth of water, and suffer dry air alone to pass over the rest of the country ; 
or, on the other hand, the south-westers may range so high as to carry the moisture- 
laden clouds past our isles ; or the south-westers may be beaten back through sU 
the summer months by the dry winds from the east, and so a real dryness of the sir 
prevail, as during the exceptional weather of May 1866. Tet it is oompaiatively 
seldom that we owe our droughts to such a real dryness of the upper regions of the 
atmosphere. This is proved by the fact that our summer nights are seldom cold. 
Tyndall notices, that a day's steady rainfall in a region no larger than Middlesex 
corresponds to the action of a force capable of raising more than 30,000 million of 
tons to the height of a mile. All the coal which men could dig from the earth in 
many centuries would not give out enough heat to produce, by the evaporation of 
{Page 94) water, the earth's rain supply for a single year. But there are few 
subjects on which meteorology throws less light than on the causes which influence 
the dryness or wetness of our summers. At times it would almost seem as though 
the weather of tropical or sub-tropical regions were brought to us with the northing 
of the sun. But during other summers an irregular variation prevails. The 
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attempts to diBcoyer any traces of periodicity in the recurrence of dry and moist 
sommers have not hitherto been rewarded with success. Nor does there seem to be 
any eyidence that our climate is gradually changing as regards humidity. 
[No. for September.] 
[Poiffe 130.) The observer at Cirencester says the extreme dryness of the weather 
from January to May has been due to the tendency of the wind to cling to the 
north. 

[No. for October.] 
{Page 135.) The Report of the Kew Committee states that the staff at Kew 
t continue to make occasional absolute hygrometrical observations, by means of 
I Regnault's instrument, with the view of testing the accuracy of the method of 
deducing the dew-point from the observations with the dry and wet bulb 
thennometer. 

[No. for November.] 
(Page 169.) The Rev. R. B. Belcher, in a paper read to the British Association, 
stated that the explosion on the Mersey of the Lotty Sleigh was heard where he 
lived, a hundred miles off. It was followed by an inunense black cloud and heavy 
rain. 

1871. 
Chandless, Wm. Joum, Roy. Gtog. 5oc., vol. xl. (1871) (r«). 

(Page 432.) The following were the results of ten months' observations at 
Manaos, scattered over several years. The maximum and Tninimntn were those 
obtained at the regular hours of observation. 

RUMIDITT. 

92. 

81 

70 

88 

83 

98 

Dines, Qeorge. Evaporation. Symoru'i Meteorol. May,, vol. vi., pp. 190— 1P2 {np). 

(Page 191.) I should prefer Dr. Hudson's Proposition I. to be expressed thus : 
When air is saturated with moisture, and the water is of the same temperature as 
the air, neither evaporation nor condensation can take place. I do not like the 
words " when air is saturated," as they tend to convey a false impression ; except as 
it regards the dew-point, it is a matter of little consequence whether the air is 
■aturated or not. Other circumstances being the same, it is the difference between 
the temperature of the water and that of the dew-point which determines the 
amoiint both of evaporation and of condensation. In paragraph 5, p. 167 (see Notes, 
1871, Hudson), a case is supposed, which, in my opinion, cannot exist ; air, under 
Ihe drcumstanoes named, is not capable of abstracting vapour, and, therefore, 
cumot surrender its previous spoils again ; on the contrary, water of a lower 
temperature than the dew-point will rob the driest air of a part of the small quantity 
of moisture which it contains ; this I have found to be the case by placing water of 
a lower temperature than the dew-point in the heated air of a drying-room, when I 
bare invariably found it to increase in weight. It is true that in Table 2 of my 
paper evaporation appears to take place from water when at a lower temperature 
tiian the dew-point, but it will be observed that the words " calculated dew-point " 
tie generally used, and the tendency of my experiments was to throw a doubt upon 
the correctness of the tables used for the determination of the dew-point ; further 
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experiments have convinced me that they generally, but not always, give the dew- 
point too high, but some anomalies which I have noticed lead me, at times, to doubt 
if the wet and dry bulbs can ever give more than an approximation to the moisture 
in the atmosphere. The time at which evaporation commences from water or from 
any other substance covered with moisture in its relation to the dew-point, can only 
be determined by the most delicate experiments. To me it has sometimes appeared 
to differ in different currents of air, but the whole question is beset with difficulties 
of no ordinary kind, one of which would be to determine the temperature, not of 
the water, but of its surface, and, at the same time, to get the correct dew-point ; the 
latter at times appears very changeable. It seems that masses of air, very differently 
charged with moisture, are rolling over the surface of the earth in the same manner 
as the clouds above, the difference being that they are invisible. Nothing yet said 
{Page 192) shakes my conviction that condensation occurs if the surface tempera- 
ture of water is below the dew-point, evaporation if it is above. 

Everett, J. D. {B. 187 J, 6.) 

{Page 353. ) The formulae used for calculating the dew-point have been based on the 
specific gravity of air, as determined by Delaroche and Berard, or *267 ; the correct 
value is that obtained by Regnault, or '237. With this correction, the discrepancies 
found to exist between calculation and observation are increased, and amount, on 
an average, to about 25 per cent, of the difference between wet bulb temperature 
and the dew-point. August and Apjohn erred in assuming that the air round the 
wet bulb falls to the temperature of the bulb, and becomes saturated. These two 
assumptions would jointly produce no error in the result if the depression of 
temperature in the different portions of air were exactly proportional to their 
increments of vapour tension, and if some of the air were saturated at the tempert- 
ture of the wet bulb. But it is probable that when there is little or no wind, the 
mass of fSr which falls sensibly in temperature is larger than that which receives t 
sensible accession of vapour, and that in high wind the supposition that some of the 
air has fallen to the temperature of the wet bulb is more nearly fulfilled thi^ri the 
supposition that it has taken up enough vapour to saturate it. The effect of 
radiation, which is ignored in the formulae, leads in the same direction as these 
two inequalities, and all three are roughly compensated for by attributing to air a 
greater specific heat than it actually has. 

Ferrell, William. {B. 1871, 8.) 

(Page 226.) Buchan attributes the low barometer in the Polar regions to the effect 
of vapour in the atmosphere ; but the amount of vapour in the equatorial regioni 
is far greater than in the cold Polar regions. 

Frere, Sir Bartle. Journ. Roy. (Uoy. Soc. vol. xL (1871) (r*). 

{Page 203.) In the Thurr droughts occur for months, and sometimes for yes». 
Still, grasses thrive and spring up with amazing rapidity after the fall of a few 
inches of rain. The soil is loose, and the roots of the plants are of prodigious 
{Page 204) lengths. No animal requiring much water can stand its protracted 
droughts. Thus tigers are never seen in the desert, although they abound wher 
ever jungle is to be found in these regions : leopards and lions are rare. Three 
{Pa^e 205) foxes and a jackal are known. Wolves are numerous. The wild hog is 
absent. Of deer and antelopes, the only one is the gazelle, which is said to subsist 
without any moisture except that afforded by dew and herbage. Jerboas aie the 
most characteristic animals. Snakes are immerous. There are homed cattle, 
sheep, and camels. 
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Hudson, Henry, On Evaporation of Water. Symons'i MeteonJ , May., vol. vi, 

pp. 166-168 {^r»p). 

{Faqe 166.) The following propositions appear to embrace and explain the 
phenomena of evaporation observed by Mr. Dines : — 

L When air is saturated with moisture at temperature of atmosphere, neitlier 
evaporation nor condensation can take place. 2. When air is saturated, but the 
water of a higher temperature, evaporation must take place, for the air, which ia 
warmed by contact with the water, being no longer saturated, is capable of 
receiving and carrying away additional moisture ; hence the water must lose 
weight, and also be cooled by the abstraction of the latent heat of the vapour thua 
eliminated. 3. When air is saturated, but the water of a lower temperature 
condensation must take place on the surface of the water, for the air, chiUed by 
contact, can no longer retain the same amount of vapour, consequently the weight 
of the water will be increased, and its temperature also must rise from the influence 
[Faqt 167) of the warmer air. 4. Let us suppose both the air and water to be 
several degrees above the temperature of the wet bulb, the air in contact with the 
water will obviously carry off vapour from it. Hence the weight, of the water will 
diminish, and its temperature must fall, as in the case of the wet bulb, until the 
latent heat of the vapour so abstracted is exactly compensated for by the heat, from 
all sources, which the water- vessel receives. After this occurs, evaporation will 
still go on, and consequently the water will lose weight, although the temperature 
of the water may remain stationary. 5. Let us suppose the water to be several 
degrees below the dew-point temperature, while the air is several degrees above it * 
the air now in contact with the water is capable of 'abstracting vapour until it- 
reaches its temperature of saturation. But, being chilled further by the contact 
with the water, it is compelled, as 1 may say, to surrender its previous spoils again 
so that when the water is a certain number of degrees below the dew-point, the 
weight of moisture which the air could vaporize, in falling to the temperature of 
the wet bulb, will be exactly balanced by the quantity of vapour which the colder 
water would abstract from the air after it had attained the condition of saturation ; 
so soon, however, as the temperature of the water rises above this point, although 
stUl, perhaps, some degrees below the dew-point, the evaporative influence i«ill 
prevail, contrary to the first proposition laid down by Mr. Dines, that no evaporation 
takes place from water unless the temperature of the water is greater than that oi. 
the dew-point. At the close of the second table (p. 201) he gives an experiment 
totally opposed to such a conclusion. Li the last line of his table, his dry bulb ia 
at 59"* and the wet bulb at 53 'S** ; his calculated dew-point being 49*2% and 
temperature of water 38*6''. After about a quarter of an hour, condensation 
ceased, temperature of water being 44*", and two minutes afterwards evaporation 
commenced, with water at 45°. He has not stated the temperatures of the wet and 
dry thermometers at these precise points, but I cannot believe that the dew-point 
liad fallen, in the time specified, below 45" ; in fact, in the previous quarter of an 
hour the temperature of the dry bulb had risen from 58*1** to 59'', and of the wet 
bulb from 53'1° to 53*8° (his calculated dew-point having also risen). Now, 
ming the temperatures of dry and wet bulb to remain at 59° and 53*8** 
ipectively, my views lead to the following results : — I find the weight of water 
which 1000 cubic inches of dry air could vaporize in falling from 59° to 53*8" to be 
0*36836 grains, and the maximum weight of 1000 cubic inches of vapour at 53*8'' is 
2T0631 grains. Hence, deducting the former from the latter, we have 2*34795 
grains, which is the maximum weight of 1000 cubic inches of vapour at 49*69", and 
this, by my calculation, is the dew-point, instead of 49*2'*. Now, if we again deduct 
{Faqe 168) 0*35836 from 2*34795 grains (in order to find out at what temperature 
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below the dew-point the condenaation of vapour is equal to the previous evaporation 
during the fall from 59" to 53*8*) we get 1*9869 graina, whieli is the nuudmum 
weight of vapour in 1000 cubic inches at 45*'. Hence, according to my viewi, 
this is the temperature at which evaporation ought to begin to preponderate 
over the tendency to evaporation, and it is evident this agrees perfectly 
with what Mr. Dines has recorded as the restdt of his experiment. After this, 
in about eleven minutes, he states the temperature of the water to have risen 
to 49*8* and that 0*4 grains of water had been vaporized in the interval, so that 
after tins amount of evaporation the water was probably very little, if at all, 
above the dew-point temperature. 

ICalet, H P. 8tfmoHM*» MeteoroL Mag^ voL tL {r^,) 

{Page 204.) In West India, at an elevation of 4,000 ft., I have frequently seen 
showers falling below me. I have walked into the clouds, and met first mist 
{Page 206), then drizzle, then rain. From numerous facts ol^rved by me, I gathered 
that rain clouds vary in thickness from about a hundred yards to more than a mile, 
that the weight or size of the raindrops increases as they reach the point of attraction. 
This point is the earth, and may be a mountain top or a level plain ; as the latter 
does not fall in with so much moisture as the hills, it gets less rain. Some seem to 
think that a cloud discharges its contents in actual raindrops ; if it did, there woold 
be no moisture to go on with. But it is otherwise, and while some of the -vKponr 
is accumulating into raindrops, the rest is passing on. In India there are seldom 
two layers or more of clouds ; in England, as far as I have been able to ascertain, 
it never rains without two layers. 

Monok, W H.8. (B 1871, 17.) 

(Pd^e 495.) Aqueous vapour is not so important an a^nt as is usually supposed. The 
specific heat of aqueous vapour at constant volume is '313, and that at constant 
pressure is '475, showing a ratio between the heat units expended on internal and 
external work of 1 to 0'517. In dry air the proportion is 1 to 0*421. In the one 
■case, in round numbers, 30 per cent, is employed in producing expansion ; and in 
the other 35 per cent. For equal quantities, the heat absorbed by yapour has 
little, if any, greater effect in producing air currents or barometric depressionB 
than that absorbed by air. 

Poey, A. (B. 1871, 18.) 

[The new cloud is Dr. Clouston's pocky cloud. He noticed it in connection with 
-the same meteorological conditions as are described by A. Bachan in 1868.] 

Stewart, BalfoUr. {B, 1871, 20.) 

{Page 63.) Charts of relative humidity are without value, and do not present the 
•continuity shown in charts of vapour tension. Watery vapour is one of the most 
important elements in studying the movement of air. Charts representing the 
distribution of vapour of water would be of the greatest utility. The element of 
relative humidity is of little use in meteorological researches. Besides these two 
{Page 64) elements, there is what may be called the hygrometric quality, which is 
important. It means the weight of aqueous vapour per hundred parts by weight 
of air. As long as the pressure remains the same it will be represented by the 
Tapour tension, and since the variations of pressure at the surface of the earth 
differ little, the hygrometric quality will be there approximately represented by the 
vapour tension. But under small pressure the vapour tension will not represent 
the hygrometric quality, which will then be indicated by the ratio between the 
pressure of aqueous vapour and that of air. 
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^ P. W. Symons'M \feteorol. 3/a^. , vol. ri. {rap,) (Na for June.) 

{Page 70.) Does the old-fashioned hypothesis suggested for the decrease of 
imm£all with height account for the facts, especially the greater decrease in winter 
tbaa in summer ? Does it not assume what can be disproved — ^viz., that the 
temperature of falling rain is almost always below the dew-point of the air near the 
ground ? And if it were true that the raindrops gain more than they lose till they reach 
the ground, would not the beginning of rain diy the air near the ground by depriving it 
o€ moisture, and even warm it by the latent heat given out in condensation ? I am 
much more disposed to believe that, on the contrary, the drops lose volume by 
imparting moisture to the air, for it is a matter of common observation that when 
it begins to rain the air becomes damp and generally cold. 

Syvwns*8 M^eorci, Mag.y vol. vi. (m/i.) 

{Page 144.) We give a reswni of Mr. Dines*s observations on evaporation. A 
deHcate balance was arranged with a vessel of water in one pan and weights in the 
other. It was foimd that evaporation from the hot water continued until its 
temperature fell below the dew-point temperature, as computed by Mr. Glaisher's 
tables, and that in cold water condensation ceased some 3*" or 4^ below the computed 
dsw-point temperature. These results indicate one of three things : 1. That there 
b some error in the experiments. 2. That there is some error in the hygrometrical 
tiblea. 3. That the dry and wet bulb thermometers do not enable us to ascertain 
the dew-point correctly. The second phase of the investigation is given in the 
Proc, Meteorol. Soc. for Marchf 1871. Thus during some experiments it was 
found that when the difference of the dry and wet bulb thermometers amounted to 
8° or d^ evaporation commenced from a surface of water at a time when the 
thermometer immersed in the water showed a temperature of from 3"* to 4° below 
[Page 146) the temperature of the dew-point as obtained by calculation, but on 
repeating the experiment in air saturated with moisture, when the dew-point 
temperature could be obtained direct from the thermometer, the dew-point 
temperature and that of the water, when evaporation commenced, agreed with each 
other. As no satisfactory reasons have been assigned for this discrepancy, I made other 
experiments, as follows ; small globes and cylinders, both of glass and metal, were 
used, the substance of which was made as thin as possible ; these were filled with 
iced water ; a thermometer, with a bulb 1 i inches in length, was inserted in the 
water, the stem of the thermometer passing through the centre of the stopper; 
the whole was then suspended from the beam of a delicate balance. The outsides 
of the vessels were, of course, immediately covered with condensation, the amount 
of which was only occasionally noted, the one object of the experiments being to 
determine the exact temperatures of the water at the time when condensation 
ceased upon the surface of the vessels, and the moisture deposited upon them 
commenced to evaporate ; that time was clearly shown by the stationary position of 
the index rod attached to the balance, just previously to its commencing a retro- 
grade movement. If the thermometer immersed in the water at the time this 
change took place fairly represented the temperature of the outside of the vessel, 
it would, without doubt, give also at the same time the true dew-point temperature. 
Every care was taken with the covering and supply of moisture to the wet bulb 
thermometers, and, as an additional precaution, two sets of dry and wet bulbs were 
used, the difference (8* to 9") of which did not vary much from each other ; but 
those which gave the widest readings, and, consequently, the lowest dew-points, were 
taken. Whether the vessels used were larger or smaller, of glass or of metal, or 
whether the moisture upon the outside was allowed to accumulate almost in drops, 
or the film of moisture so thin as to be scarcely weighable, the results were nearly 
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the same ; condensation ceased, and evaporation commenced from the surface • 

vessels at a time when the water inside the vessels was from 3<> to 49 below the 

point temperature, as obtained by calculation. It may be said the thermome 

the water does not give the temperature of the surface from which evaporation 

place ; the objection has force ; but it also applies to both Danieirs and Regn 

hygrometers as at present used. True, there are other differences in the mc 

operation ; in them it is a sinking temperature ; in mine a rising one. In the 

point of condensation is determined by the eye ; in my experiments by a bal 

but these differences do not seem to account for the different results. A 

indications of the wet and dry bulb hygrometer had been found to accord 

those given by DanielFs and Regnault*s, I conclude that the factors give 

Table I. of GlaiBher's hygrometrical tables are incorrect. Now we come to the 

phase of the inquiry — viz., a consideration of Dines's sensitive hygrometer, ma< 

(Page 147) Casella. In it a stream of cold water passes through the vessel ; ai 

end is a very thin black glass plate, beneath which is the bulb of a thermoo 

The temperature of the upper and lower surfaces of the glass is nearly the s 

and the slab does not differ from the thermometer bulb more than 2° or 3°. 

glass is cooled by the water ; as soon as dew appears on it the water flow is sto| 

and the temperature is taken from the thermometers. This is the dew-point. 

using a piece of wash leather to dry the glass successive deposits of dew m 

rapidly obtained, when the dew-point will be found sometimes to vary conside 

in a short time, the dew upon the glass appearing and disappearing several tiir 

a minute. The instrument has extreme sensibility, and is perfectly unde 

control of the observer, and its price is very moderate. 

1872. 

Anderson, J. F. {B. 1872, 1.) 

(Page 221.) He was able (at Pau) to see the small bodies alluded to by Wi 
with the naked eye, or with a small telescope, by looking at the sky close 1 
sun's disc just within a shadow. On June 9th and 10th the haziness roun 
sun was produced by the reflection of the sunbeams from innumerable 
particles. What were these particles ? They certainly look like miniaturt 
storms. 

Brumham, G. D. Syrnons^s Meteorol. May., vol. vii. (r#/j.) 

[No. for November.] 

(Pagfel72.) Excessive moisture retards wheat. Hence the ripening of wheat de 
{Page 173) on drjmess of air as well as temperature. The early maturing of 
indicates the previous prevalence of dry weather as much as, or more, than i 
that of shade heat. 

C, W. H. H. Chemical IJygrometer. Symom'n Afeteorol. Mag., vol. vii, {rsp.) 

{Page 155.) Air is drawn through U-shaped tubes containing chloride of calci 
strong sulphuric acid, by means of two turnover aspirators, each containing a ] 
of air. The increase of weight in the chloride of calcium tube indicates the ai 
of moisture in so many gallons of air. 

Davis, Henry. PresteVs Ilygrometer. Symons's Meteorol. Mag., vol. vii., p. 204 (r 

{Page 204. ) There are objections to Prestel's hygrometer. Birds can drink 
the open vessel ; the wind would blow the water over the side in gales ; ai 
atmospheric pressure would keep the water permanently in the gauge. 

390 



AQTnSOUB VAPOTTR 1872. Waldner. NOTES. 



Haviland, Alfired. Symonii MeUorol. Mag^ vol. tu. {r$p.) 

[No. for July.] 

[Page 116.) In the western sky at Hatnpstead, on June 23rd, 1872, there were 
some persistent cirri, forming strange groups, which lasted for more than an hour. 
The cirri bristled (electrically ?). 

Hudson, Henry. Dey>-pcint and other Barometers. 8ymont*s Meteorol. Mag., vol. vlL, 

pp. 19-20 (rjp). 

[Fage 19.) A limit to evaporation does not exist when the temperature of the air is 
higher than that of the liquid. I consider the dew-point in the case mentioned to 
be 49'69o, and that the air will take up vapour several degrees below, owing to 
[?age 20) its surplus heat. The amount of evaporation depends on so many 
drcnmstances, that in order to discover laws it will be necessary to separately 
investigate each circumstance. 

Ingrajn, Hugh. Sjfmons's MeUord. Mag,, vol. vii. (r*p.) 

[Pag€ 229.) He calls mists vesicles of aqueous vapour (cloud proper). A raindrop, 
in displacing air as it falls, creates a vortex immediately behind it so as to suck in 
and attach to itself the particles of vapour nearest its path. Hence its increased size. 

Ii.,J.K. i,B. 1872, 10.) 

(Page 442.) Commander Madear has noticed differences in the spectrum of different 
ireas, and believes the changes in the atmospheric humidity distinctly correspond 
to the changes in the solar spectrum ; an increasing humidity manifests itself by a 
sliortening of the blue, and by a well-marked development of aqueous bands in the 
red and yellow. 

Miller, 8. H. Evaporation. Symont'i Meteorol. Mag., vol. vii., pp. Ill, 129 (s*P)* 
{Page 129.) What methods for measuring evaporation did Vivian, Lamont, and 
Prestel suggest ? 

Rieder. {B. 1872, 17.) 

{Page 39.) At Engelberg, November 14th, 1868, 5 to 6 A.M., repeated flashes of 
lightning. Shortly before five a swiftly passing flash was observed, while the sky 
was completely overcast. 

Spottiswoodo, WiUiam. (B. 1872, 23.) 
(Page 334.) The diffusion of light in the air depends upon the presence of aqueous 
particles. That scattered by coarse particles is white, that by fine blue. 

Stow, Bev. F. W. Symons's Meteorol. Mag., vol. vii. (rjp.) 

[No. for December.] 

{Page 197.) In moist weather there is little sun, in dry there is much. Perhaps the 
influence of such weather on wheat is due to variation of sunshine, not of moisture. 
In the inland districts of Yorkshire the temperature rises faster in the morning 
than on the coast, owing to the comparative absence of mists, etc. 

Waldner, H. (B. 1872,26.) 

{Page 304.) On looking through his large telescope iLt Weinheim, he caught sight of 
a number of luminous little bodies passing rapidly towards the east, which the focal 
distance of his lens showed were at from 200 to 4,000 metres only from the earth ; the 
most numerous swarm occurred at about 500 metres. Their diameter varied from 10 
to 52 mm., the average being 32 mm. The shape varied ; the greater number were 
oblong, angular, resembling flakes; some few were orbicular, while some were 
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stellate. On certain days, especially in April and May, they passed by without 
interruption for hours. Their number was connected with the purity of the sky. 
The daily minimtim occurred in the morning and evening, and the maximum at 
noon. The annual minima were in summer and winter, and the maxima chiefly 
from April 20th to May 15th, and a lower one in August and September. Their number 
often increased after clouds had passed. Their velocity was irregular in the lower 
strata, being about two metres in a second, but became more regular in the higher 
strata, where, at 3,000 metres, I foimd them to pass eight metres during the same 
period, a rapidity agreeing closely with the cirri, which often passed at or above 
{Page 305) this distance. They all glittered in sunlight. In the lower strata they 
changed their direction every moment, or fell, but slower than gravitation requires. 
Their direction of movement corresponded nearly always with the wind and cloud 
movements. These bodies are evidently snowflakes and ice crystals. The minimum 
during winter may be owing in part to the deficiency of light. 

Whipple, J. M. Chemical Hygromtter, Symons^i MeteoroL.Mag., voLvii., pp. 199-200 {rtp), 

{Page 199.) The chemical hygrometer, described by W. H. H. C. is not of much 
use to the meteorologist, as it requires much patience and manipulative skill It 
is a very laborious method of observing, and, after all, it only gives a mean 
{Page 200) for the time during which the observation is made. I think eventually 
we shall have to resort to some such form as Whitehouse's. 

Nature. (B. 1872, 28.) 

{Page 1 18.) There is much misconception as to the mode in which forests increase 
the amount of moisture in the air. They do so chiefly by pumping up the super- 
fluous moisture from the soil and exhaling it from the leaves. Pettenkofer (Sits 
Akad. Mtlnchen, 1870. Bd. I., Heft 1) found that in an oak tree evaporation 
increased from May to July and then decreased till October. The total amount of 
its evaporation in the air was 539*16 centimetres of water. The average rainfall of 
the same area would be 65 centimetres, so that this evaporation is 8| times more 
than that of its rainfall. This excess is drawn up from a great depth, so that the 
trees restore to the air what would otherwise go to the sea. 

Symons's MeUoroL May^ vol. vi. (r#p.) 

{Page 213.) Describes Daniell's hygrometer. It was described by Daniell in 1820 
{Page 214), and at the time was by far the best measurer of atmospheric moisture. 
Its accuracy has subsequently been overrated. -Owing to the necessarily small size 
of the enclosed thermometer it is impossible to read accurately small fractions of t 
degree ; and it is open to question if the thermometer indicates the actual tempera- 
ture of the outer glass surface. 

Vol. vii. (r«/>.) 

[No. for May.] 

{Page 63.) Sawyer, in his * Climate of Brighton,' has some weather proverbs, 

such as — 

' When Wolsonbury has a cap 
Hurstpierpoint will have a drap.' 

This is a south country modification of a common prognostic, such as the following, 
some of which are taken from Inwards' * Weather Lore.' 

• If Riving Pike do wear a hood, 
Be sure the day will ne'er be good.' 

' When Cheviot ye see put on his cap, 
Of rain ye'll have a wee bit drap.* 
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' If Boesbeny Topping wear a cap, 
Let GleTeland then beware a clap.' 

' When Breddon Hill puts on his hat, 
Ye men of the rale beware of that' 

' When Largo Law puts on his hat. 
Let Kellie Law beware of that ; 
When Kellie Law gets on his cap. 
Largo Law may laagh at that.' 

Largo Law is to the S.W. of Kellie Law. 

[No. for June.] 

{Pagt 73.) Dr. Ballot enforces the desirability of more frequent observations of 
the height of clouds. 

[No. for August.] 

{Page 129.) The following description of Prestel's apparatus is from Procs. 
MtUorol. Soc.y vol. iii., pp. 338-339. It comprises an open vessel of water. 
{Page 130) Connected with it is a measuring tube with a scale. The tube is filled 
with water and placed inverted in the vesseL As the water from the large vessel 
eraporates it is supplied from the tube. The open end of the tube has a brass ring 
mounting with a semicircular hole in the side through which the tube communicates 
with the vessel. 

[No. for October. ] 

{Page 161.) M. Lemoine, in a paper read to the British Association, refers to 
Mr . Chapman's observations in South Africa . The desiccation of the country has been 
going on since the draining off of the waters owing to evaporation. The destruction 
of herbage and grass by fire, the use of the axe by native and colonist, and the for- 
mation of sheep walks, had facilitated the process of evaporation. As an illustration 
of the effects of evaporation producing desiccation, he quoted an experiment made 
by William Blore, at Wynberg Hill, about eight miles from Cape Town. He sank 
two cylindrical jars of the same size to the depth of 4 in., leaving them projecting 
an inch above the surface, and covering each with gauze to prevent ingress of sand, 
etc, and files. The one was sunk where it was partially protected, but not covered 
by bush ; the other was sunk in a newly-cleared plot of ground measuring about 
60 ft. in diameter, surrounded by sugar bushes {Protea meUiferay Thniib.), of a 
considerable height, and otherwise protected from the prevailing wind by a belt of 
{Mne trees, about 120 ft. distant. Into each of these jars was put 20 ozs. of water on 
January 31 st, at 10 a.m. On February 5th, at 5 p.m. , the water remaining in each was 
carefully measured. The evaporation from the jar sunk in the cleared ground 
had been more than double the evaporation from that which was partially protected, 
though not covered, by the bush ; the former being 1*854 in. ; the latter *863 in. 
The same results were obtained on repeating the experiment. Mr. Blore remarked 
that had the experiment been made in a more arid district the evaporation would 
have been greater ; and that had it been made in the open country the difference 
would have been more marked. But taking the results obtained, the conclusions 
he arrived at were as follows : — The excess of evaporation from the more exposed 
above that from the more shaded jar was 1 in., or more accurately, *991. An 
inch in six days will give for 102 days (the ordinary duration of the hot windy and 
dry season in the district) 17 in. This is equal to about 384,000 gallons per acre, 
and supposing 1,000 acres to be burned, blackened, and dried, what with sunlight, 
fire, heat, and wind, the evaporation would be an excess of 384,000 gallons of water 
above what would have been evaporated if the bush or grass had been unbumed. 
Mr. Blore ascertained by experiment that on Wynberg Hill, while the deposit of 
dew upon a green surface amoimted to 4*75, that on a white surface amounted only 
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to 2, showing that the deposit of dew upon a green surface k more than doable 
that upon a white ; and he further ascertained that while the difference of tempera- 
ture in the water in the two jars employed in the former experiment was only a 
few degrees the difference of temperature between black ground and ground shaded 
by bush was 25**, which would occasion a vastly greater difference in the amount of 
evaporation than that which occurred in his experiment. Humidity of air is of 
more importance than rainfall, and it is not necessary, in order to account for the 
phenomena observed, to suppose that forests attract clouds, neither is it necessary to 
suppose that they increase the rainfall otherwise than they do by the precipitation 
of the same moisture in the form of rain. The moisture of the humid atmo- 
sphere charged with carbonic acid and ammonia, attracted by the soil, does more to 
promote vegetation than would the same quantity of moisture falling in rain or 
applied by irrigation. 

[No. for November.] 

{Page 180.) George Dines described a new hygrometer. Objections had been 
made to the use of glass, owing to its non-conducting qualities, and in this form he 
used both glass and highly polished gilt metaL The metal was found to have no 
advantage over glass. [See Notes, 1823, Daniell, p. 142.] 

1873. 
Bams, J. W. Joum, Roy. Grog, Soc., vol. xlii. (1873) (r*). 

{Page 405.) The date palm characterizes arid climates with extreme summer heat 
and a low winter temperature. 

BlakLston* T. Joum. Roy, Geog. 8oc,y vol. xliL (1878) (rs). 

{Page 140.) At Hakodadi, fog is confined to the spring and summer months, but 
principally June. 

Brine, Iiindesay. Journ. Roy. Gtog. Soc., vol xlii. (1873) {rs). 

{Page 361.) In crossing the high lands of Guatemala, it is observable that the 
Indians dwelling among the mountains are much darker than those in the pkins, 
and indeed it may be laid down as a general law that throughout Central America 
the colour of the native varies according to the height above the sea, and in a 
manner entirely opposed to what would naturally be expected. The skin of those 
who dwell in the highest and coldest regions is almost black, while below in the 
warm valleys and near the coast it is of a pale copper colour. 

Grant, J. A. Joum. Roy. Geog. Soc., vol. xliL (1873) {rs). 

{Page 269.) While delayed at Karagweh, I was much struck by the extreme black- 
ness of skin in a race who came there from the Lake Victoria direction to sell coffee. 
The blackness of their skins reminded me forcibly of the races dwelling in tiie 
swampy regions of the Terais of India, and this to me at once marked their origin 
as a race living among swamps or lakes. They were Wahia, who live on the shore 
of Victoria LaJ^e. Their spear is made of a white knotty wood, not of bamboo, for 
bamboo is not indigenous to swampy countries ; it chooses rather to grow away 
from water. 

Maury, T. B. {B. 1873, 7.) 

{Page 125.) When once an area of low barometer is formed, it is the nucleus for a 
vast aggregation of meteoric forces. No matter how small at first, under favourable 
atmospheric conditions, the courani ascendant is formed, condensation aloft sets in, 
and the precipitation only seems to add fuel to the flame of the cyclonic engine. 
This process widens in geographical area, and after a few hours have eliqised, the 
storm may so develop as to cover a continent with its portentous canopy of cloud, 
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while simaltaneously strewing an ocean with wrecks, and throwing out in the open 
sky, more than a thousand miles in front, the fine filaments of the premonitory 
drrus and cirronus. The depression in a cyclone is maintained so long only as the 
centre moves in a region sufficiently supplied with aqueous vapour to feed it. It is 
physicaUy impossible for a storm to maintain its course or force over a dry and 
(Page 147) desiccated surface. The southerly winds of the north hemisphere come 
from the equatorial regions, and are highly charged with aqueous vapour. This 
vapour is absolutely essential to the sustenance of storms. The storm vortex is on 
the side where the greatest quantity of vapour is found. While yet in the baud of 
easterly trade winds, the storm will invariably work its way to the most humid 
regions unless mechanically borne away by the great aerial current in which it is 
embedded. The cyclone tracks over all the oceans lie in the central bands of the 
great ocean currents of high temperature and great evaporation. 

Mott, A. J. {B, 1873, 8.) 

{Page 161.) The amount of evaporation must be the chief element in the question 
of rainfall ; and the total evaporation must depend on the amount of wind ; and 
thus be increased in proportion to the speed of the wind and by the increased sur- 
face caused in storms when waves and foam are created. The evaporation during a 
cyclone must be enormous. Wind is almost always drying even when rain is falling. 
The solar spots probably cause inequalities of temperature, which by the formation 
of barometric differences will give rise to special areas of evaporation. 

Stevenaon, T. {B. 1873, 16.) 

(Page 153.) Hygrometric gradients should be used, and there should be horizontal 
and vertical Hygrometric sections of the air made by a series of instruments near 
together. 

Nature, (fl. 1873, 17.) 

{Page 342.) The dry and wet bulb is not trustworthy at low temperatures, and in 
cases of extreme dryness. No hygrometer yet devised gives approximately exact 
results in all cases. The instruments for measuring the rate of evaporation are the 
least satisfactory of those used in meteorology. The data are important elements. 

Symoru's Meteorol. Mag., vol. viii., p. 36 (r«/)). 

[No. for April.] 

{Page 36.) At the Leipzig Conference Question 7 was':— What apparatus should 
be employed for determining the hygrometric condition of the air ? Are the wet 
and dry bulb thermometers sufficient 1 Can the hair hygrometer be employed, and 
under what restrictions I 

The answers were as follows :— Sr. F. da Silveira : Psychrometer for continuous 
observations. The hair hygrometer can never be accurate when exposed to the atmo- 
sphere. Carl Fritsch : Psychrometer sufficient and preferable to hair hygrometer. 
Thinks observers are not sufficiently careful to see that the wet bulb is really wet. 
Carl Hoffmeyer : Knows of nothing better than dry and wet bulb. Dr. Mohn : 
Psychrometer is most convenient, but for low temperatures hair hygrometer must 
be used with it. Professor Kagona : Strongly recommends a psychrometer by 
Tecnomasio Italiano in Milan. Calls attention to observations by Belli and Can- 
toni, showing that the results of thermometers with spherical bulb, covered with 
linen and moistened by a wetted wick, are unreliable. Believes hair hygrometer to 
be trustworthy if originally set by a psychrometer ; recommends it to be enclosed 
in wire gauze. Symons : Dry and wet bulb not perfect, but preferable to Saus- 
sure's hair hygrometer. Dr. Wolf : Psychrometers always wrong when frost and 
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thaw alternate rapidly ; hair hygrometer should, therefore, be used as a check. The 
Committee : Psychrometers faulty in cases of extreme dryness ; the hair hygrometer 
is erroneous at the dew-point. Neumayer : Regnault's hygrometer with an aspirator 
should be used. Von Oettingen : Regnault's hygrometer sometimes fails at very 
low temperatures. 

[No. for May.] 

{Page 63. ) Question 16 was : — ^What apparatus is to be recommended for the 
measurement of evaporation ? What is the most suitable exposure for the evapo- 
rimeter ? 

Answers : — 

(Page 64.) Sr. F. da Silveira : Shotdd be exposed to rain, sun, etc. Carl Fritsch : 
A vessel similar to a rain gauge, but shallower, exposed to sun and rain, but guarded 
against undue heating. Capt. Hoffmeyer : Attention must be paid to the tempera- 
ture of the vaporimeter. Professor Bagona : Recommends Tecnomasio Italiano's 
vaporimeter or his own self-recording one. Bordeaux Meeting : Piche's hygrometer 
gives the most favourable results. Prestel : Recommends lus own vaporimeter. 
Ebermayer : Recommends Lamont's vaporimeter. 

Question 16 : — In what way should the proportion of cloud in the sky be esti- 
mated and indicated ? Is it desirable to introduce a special and universal language 
for clouds ? 

Answers : — 

Sr. F. la Silveira : Clear sky » 10 ; overcast —O. The introduction of universal 
symbols very desirable. Carl Fritsch : During the prevalence of thin cirrus and 
the breaking up of ground fog, there is difficulty in determining the true amount of 
cloud. The introduction of general symbols desirable. Dr. Mohn : Blue sky-0; 
overcast— 10. Sjonbols very convenient. Symons : Have s3anbol8 if possible. The 
Bordeaux Meeting : The adoption of tenths of clear or cloudy sky will involve the 
disadvantages of two figures for telegraphy, instead of one. Approve use of 
symbols. The Committee recommend 0- clear sky ; 10 -overcast ; that symbols be 
used ; and that a selection be made from those submitted to next Congress. 

{Page 96. ) Ragona notices that at Modena the minimum is below 20 nine 
months out of the twelve. The lowest observed was 7 on April 9th, 1867. 

1874. 
Burder, G^. F. Synwns'a Meteor ol. Mag., vol. ix, {rtp.) 
[No. for September.] 

{Pa{fe 123.) According to my own observations the inverted cumulus or pocky 
cloud never occurs in a marked degree except in the neighbourhood of a thunder- 
storm. 

Ellas, Ney. Joum. Roy. Geoy. Soc., voh xliii. (1874) (r*). 

{Page 143.) From September 24th to November 2nd, on which last date he was 
near Uliassutai in Mongolia, the day almost invariably broke clear and still, and 
remained so until nearly noon, when a strong north-wester would spring up, and 
with a more or less clouded sky, continue to blow until about an hour after sunset 
when it would die out, and the clouds would roll away. 

Kirkwood, J. P, Symons*s Mfteorol. Mag.^ vol. viii. {rsp. ) 
{Page 196.) Give me titles of books relating to evaporation. 

Markham, C. R. Joum. Roy. Geog. Soc,, vol. xliii (1874) (rs). 
{Page 95.) The great heat of the Polar regions and the excessive cold are due to 
the dryness of the air allowing of radiation from the sun and from the earth. 
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"RyveSf Rev. J. T. SymotWi Meteorol, Mag., vol. ix. (rsp.) 
[No. for August.] 

(Page 103.) At Buildwos, on July 19th, the dry bulb read, between 3 and 4 p.m., 
87°, the wet bulb 26'', which indicates a relative humidity of about 24. 

Stow, Hev. F, W. Symons^s Meteorol. Mag.j vol. ix. {rsp,) 

[No. for September.] 

{Page 1 15.) The absorption of the direct solar rays by the vapour of the atmo- 
sphere is proved in several distinct ways. 1. It is found that the elastic force of 
vapour is less on the ten days in each month in which radiation is most powerful, 
than on an average of the whole month. This is proved by five years' daily observa- 
tion at Strathfield Turgiss, 1869—74 ; two years at Hawsker, near Whitby (1869— 
71) ; and one year's observation in 1872 at Harpenden. 2. It was also found by the 
above observations that N. and N.W. winds, which contain little moisture, are very 
favourable to solar radiation ; whereas S. and S.E. winds are usually accompanied 
by much less powerful sunshine. The N.E. winds of spring, which are exces- 
aively dry, are also accompanied by intensely powerful solar radiation. 3. By 
frequent observations during cloudless weather, with nearly constant vapour tension, 
curves are obtained, representing the daily variations in solar radiation, produced 
by the changes in the sun's altitude, and consequent alteration of the length of the 
path which the beams pursue through the atmosphere. From these the percentage 
of the heat rays, which would be absorbed by the atmosphere if the sun was vertical* 
can be approximately determined, assuming that the tension of vapour remained as 
it was on the day or days of observation. It is then possible to calculate the amount 
of radiation due to the altitude of the sun at noon in the middle of each month for 
a constant vapour tension, and to compare this with the amount actually observed 
in each month on cloudless days. In this way it is found, that when the tension of 
vapour falls below the amount on the day which furnishes the data for calculation, 
the radiation rises above the calculated amount, and vice versd. In fact, the sim's 
rays are more intense in winter than in summer, when the difference of altitude at 
noon is allowed for, because the absolute amount of vapour in winter is so much 
leas. About 10 or 12 per cent, is the minimum of absorption of the sun's heat rays, 
while the maximum equals or even exceeds 20 per cent. Solar radiation increases 
with elevation above sea*level. Between 470 and 1,800 feet the difference is 5 per 
cent, of the amount observed at ^e lower station when the sun's altitude was 
20"*, and above 3 per cent, when it was 26". 

Strahan, W. St/moiu*$ Meteorol. Mag^ vol. iz. {rsp.) 
[No. for August.] 
{Page 112.) The following are cases of extreme dryness observed in India : — 

DRY. WET. DIFFERENCE. 

June 4th, 1869. Gwalior . . . IIO^" 69T 46-6' 

„ 19th, 1873. Meean Meer . . 112-2* 70-2" 42-0' 

Thomson, J. Joum. Roy. Geog. Soc^ voL xliii. (1874) {rs). 

{Page 104. ) In South Formosa the wet season begins in May and ends about 
September [and hence the dry season would be from September, to May. The 
lat. is about 23" N.]. 

Wilson, "W. Joum. Bog. Geog. Soc., vol. xliii. (1874) {rs). 

(Page 211.) In Palestine the dews are so heavy that they penetrate the tent and 
vet everything in it. The rainy season commences at the end of October or 
beginning of November, and lasts till March [so that the dry season would be 
between March and October]. 
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4%moiw'< MeUorol. Moff., toI. Tiii {rip.) 

(Page 196.) Many titleB of books on evaporation are given in ^Biitiah Rainfall/ 
1867 to 1872. [He gives nine others, which are entered in ' Bibliography.'] 

8ym<m$*M Meteord, Mag,, voL ix. (r«p.) 

[No. for December.] 

{P(ige 171.) Plrofessor Bagona, in his ' Lettere Meteorologiche,' treats of the 
increase of humidity and the decrease of temperature which produce rain. He finds 
that when it rains at Modena the average humidity is 87'8. In England the mean 
value would be nearer 97'8. 

1875.* 

Aberoromby, Hon. B. 

{Page 274.) The heat and damp which accompany (^clones are phenomena which 
{Page 276) are never absent in any part of the world. The character and quality 
of this heat differ greatly from that due to radiation. Extreme damp, mugginess, 
and a peculiar feeling of oppression are the leading features. As to the source of this 
heat and damp, it is evident that since their position relatively to the cyclone centre 
is always the same, they must be due to some phenomenon of (^clonic motion, and 
their isolated position shows that they are not merely due to the setting in of a 
{Page 276) southerly wind. There is strong presumptive evidence that the heat and 
damp which accompany one portion of a cyclone are due to a oomi^ression of that 
portion. Behind the centre of a cyclone is an area, less defined than the heat area, 
but possessed of opposite qualities, viz., cold, dryness, and an exhilarating influence 
On man and animals. This is probably due to rarefaction. 

Blanfordy H. F. 

(Page 189.) The effect of increased radiation [solar] must be to increase evapora- 
tion, and, therefore, the clouds. 

Smyth, P. 
(Page 232. ) He refers to the very heavy rains of July 1875 in France and England 
notwithstanding the barometer was high and steady. When in London on July 14th 
to 16th, he saw the line d with the spectroscope dark and broad. When he left the 
weather cleared up, aud at York, where it was fine, the line was sharp, but narrow. 
In Edinburgh, on July 17th, the line was again seen very broad during bright 
{Page 263) sunshine, and was followed a few hours after by a steady rain. On 
July 20th there was a sensible alteration of the abnormal spectrum band. On July 
23rd it rained with a normal sky spectrum, but then the barometer was low, wind W., 
and the temperature had fallen. 

N'ature. 
(Page 100.) Hon. R. Abercromby (Meteorol. Soc., June 19th, 1876) remarked 
that a light ascensional column would give rise simply to an overcast sky, and a 
(Page 244) stronger one to rain. Scott described Lowe's graphic hygrometer. On the 
relation of temperature and moisture in the lower strata of the atmosphere at 
daybreak, R. Rubenson, in Kong. Vetensk, Akad. ForJumdl.y Stockholm, January 
13th, 1875. 

N'ature, 

{Page 79.) Meteorol. Soc, November 17th. On a self- regulating atmometer. 
H. Miller. 

* For fuller references, titles, and bibliographical details, referring to 1876 and sabseqoent 
years, see the Bibliography near the end of this volume. 
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(Poffe 399.) Inst. Civil Engineers, February 29th. On evaporation and peroola- 
ti(»n. C. Greaves. 

1876. 

Murphy, J. J. 

{Page 6.) If we are drying np, it must arise either from diminished ocean 
surface, or less heat, both of which would decrease evaporation. There seems to be 
no evidence in support of either, so that the diminution of rainfall must be a local 
phenomenon. 

Murray, D. 

{Page 76.) Sir C. W. Thomson, at the British Association, states that the 
reason why the water is moving in a body from the South Sea is that there is 
a greater amount of evaporation in the North Atlantic and over the north hemi- 
sphere generally, than there is of precipitation ; whereas it seems almost obvious 
that in the south hemisphere, in the huge band of low barometric pressure 
round the south pole the precipitation is in excess of evaporation. He suggests 
that certain points should be cleared up before this is admitted. Is there no 
compensating current from the north ? Is it likely that the evaporation in the 
north hemisphere is greater than that in the south? Even supposing this is 
so, is it known that this vapour is carried into the Antarctic regions for pre- 
(Page 77) cipitation? The wind phenomena militate against the view that a 
large body of vapour is carried from the north to the south hemisphere. 

li'ature. 

(Page 520.) Moisture is, next to temperature, the most important climatic 
characteristic of wind. The humidity of winds having the same direction varies 
according as it belongs to a cyclonic or anticyclonic area. 

li'ature. 

(Page 161.) ZeUs. f. Meteorol. , "MiBTch. 1st. On the relations of temperature 
and moisture in the lowest atmospheric strata during the formation of dew, by 
R. Rubenson, Dr. Hamberg concluded that in the lower strata temperature 
{Page 162) increases with height on frosty nights, and that the absolute 
moisture is less on the ground than a few feet above it. Dr. Rubenson obtained 
some results in the sunmier of 1871. Before the fall of dew the absolute moisture 
continues to increase, and is greatest on the ground, diminishing with the 
height. As soon as dew begins to fall, moisture decreases on the surface of 
the ground, and the decrease keeps pace with the decrease of temperature* 
The decrease of moisture extends upwards rather rapidly, and can be detected 
at 4 feet just after the first deposition of dew. On the ground, the decrease 
per hoiur amounts to a maximum of about '73 mm. ; while half a foot above it 
the decrease only reaches '65 mm., which is less than what corresponds to the 
lowering of temperature. The higher the instrument the later does the decrease 
of moisture show itself, and the less the change per hour. It appears that owing 
to a fall of temperature on the ground the air immediately above it becomes 
saturated, dew falls, and temperature and moisture diminish. At a certain 
point, owing either to diffusion or a descending current, fresh vapour supplies 
the place of that condensed as dew, and part of the loss of each stratum is 
made up by the moister strata above ; but not the whole, for the diminution 
continues in all the strata. Time being required for the propagation of the 
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decrease upward, the lowest stratum loses more of its moisture than any of the 
strata above it. 

li'ature. 

(Page 444.) (Acad. ScL, Paris, August 28th.) Fautrat, in testing the influence of 
pine forests on the humidity of the air, found that the annual difference in 
saturation was in favour of the air above the pines ten hundredths. 

{Page 662.) (Bull, Acad. Roy., Belgique). Montigny says scintillation increases 
with increase of vapour tension. It increases with the arrival of moist weather 
at all seasons. 

N'ature. 
(Page 527.) D. Whitney has an article entitled * Are we drying up ? * in the 
American Naturalist for September 1876. It refers to the evidence of the former 
existence of larger and more extensive lakes in areas which are now without 
them, and also of diminished lakes and rivers. The drying up may possibly 
be owing to changes in the obliquity of the ecliptic, or in the perihelion distance 
of the earth. 

Symofu's Meteorol. Mag., vol. xi. (r«/>.) 

[No. for December.] 

{Page 154.) [A description is given of the hygrometers and evaporimeters 

exhibited at the Loan Collection at the South Kensington Museum. Only those 

details are given here which bear upon aqueous vapour as an element of climate, or 

which may elucidate the history of investigation.] An old hygrometer was 

shown, designed by John Coventry. It consists of a number of discs of paper 

strung on a wire, and attached to the short arm of a lever ; the long arm 

travels over a scale. The paper was probably saturated with salt, and its 

weight varied with the humidity of the air. Klinkerfues's bifllar hygrometer 

shows the humidity and the dew-point by inspection. The reduction is effected 

by means of two discs, one outer and one inner. There is an old dew-point 

instrument which we believe belongs to the Royal Society. It is an ordinary 

thermometer with a black bulb. The bulb is surrounded by muslin, and cooled 

by means of ether. The dew-point temperature is read off when dew appears 

on the black glass. It is the oldest of its class, but has no name attached to 

{Page 156) it, and no record of its history is given. Dr. Greisler's form seems 

to have great merits. A large bulb terminating the thermometer has muslin over 

it, and is cooled by ether. This bulb is connected by a tube with the large 

bulb of the thermometer. In this latter bulb is a hermetically-closed vessel 

containing ether. The cooling of the terminal bulb causes the ether of the interior 

of the thermometer to evaporate. And the thermometer bulb is cooled until 

dew appears, when the temperature gives the dew-point temperature. The 

evaporation measurers are not reliable. Lamont's atmometer has the defect that 

the small quantity of water is liable to be imduly heated. Professor Osnaghi shows 

the steel -yard evaporimeter. A vessel is At one end 5 in. in difoneter ; it contains 

water. As evaporation proceeds an index traverses a scale. The water is liable 

to imdue heating, owing to its small bulk. In Ebermayer's evaporation apparatus 

{Page 168) is a box filled with soil, kept constantly moist by means of a reservoir. 

The objections to it are that 5 inches of soil is not the same as so much soil 

in sittiy as the latter can draw upon the soil beneath ; and the whole apparatus 

is apt to beoome abnormally hot. Morgenstein's atmometer is based upon the 

principles of capillarity and of Mariotte's bottle. Sand is saturated with water 

by capillarity supplied from a burette closed from the air on its upper end. A 
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tube runs from the sand into the burette, and supplies air to the hitter as the 
water evaporates from the sand. When the burette is nearly filled with air it 
is apt to be affected by temperature. This defect ns remedied by means of a 
globular vessel, which receives any water that may be forced out in this way. 
The evaporating vessel is embedded in some badly conducting material. Its 
area is one square decimetre (4^ in.). The instrument is sensitive to the fraction 
of a drop of water. It may give accurately the loss from a surface of saturated 
sand, but it is quite unsuited for exposure to sun and rain. Prestel's atmometer 
{Pctge 159) was the earliest in which the bird fountain principle in Mariotte's 
bottle was applied ; Morgenstein's is a refined edition of it. 

1877. 

Bonavia, E. 

{Page 101.) He refers to the collection and increase of clouds early in October 
1877, at Lucknow, before 3 p.m., and their gradual complete dissolution by 
two hours after sunset, as an indication that the cloud region became decidedly 
warmer after sunset than it had been during the day. 

Broun, J. A. 

{Page 333.) It appears that the monsoons on the west coast of India have a 
central current of maximum vapour depth or of velocity, which he suggests 
may be shifted north from year to year, according to some law like that of sun spots. 

[The principle is of general application to other areas.] 

{P<ige 43.) For years we [in Newfoundland] have marked an intimate connection 
between the colours of clouds and the weather. Thus we have the cold dark blue 
and grey and the reddish-yellow masses of clouds as indicative of cold and snow 
and we have the light bright grey with bright edges as indicating or accompanying 
a hard frost ; the inky cloud flying in shreds, as indicative of wind and rain ; the 
mottled doud of the same colour or thereabouts is the sure indication of rain * the 
sickly-looking green, the deep blue gloom, the muddy, angry-looking red, and other 
such 'tints, as forecasts of storm, snow, rain, etc. ; and frequently before a north- 
easter we have the grey-bluish and whitish clouds setting from N.E. 

Czemy, P. 

( Page 239. ) It is purely the winds which determine the condition of moisture of the 
{Page 240) atmosphere. If an equatorial current was to rise over a high mountain 
ranj^e, it may appear on the other side as a hot, withering wind, the fdhn of 
Continental writers, in the thirsty regions. [See Notes, 1861, Eaton, p. 13.] 

Hill, aA. 

{Pcbge 506.) It may be said that the fact th^i the rainfall is greatest in maximum 
son-spot years, argues increased evaporation during these years. The great majority 
of the rainfall stations examined are within or near the tropics, or in the maritime 
districts of temperate regions, and their more abundant rainfall in years of maximum 
sun-spots might be explained by the diminished carrying power of the winds at 
that epoch of the Solar cycle. 

Ley, Kev. W. C. 

Page 25^) Local depressions starting from the edges of the great areas of 
excessive evaporation seem to be governed in their coiurse by the distribution of 
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relative humidity, and to be determined towards those districts in whidi precipita* 
tion is most in excess of evaporation. Consequently their forward development is 
generally somewhat towards the poles. In the south hemisphere the middle 
latitudes are almost entirely occupied by surfaces in which evaporation is excessive. 
In the northern they are represented, to a large extent, by areas of relatively slight 
(Page 334) evaporation. The easterly winds felt on the south border of a small 
cyclone, if pursued for a very limited distance, are often found to have undergone 
a complete change in the aspect of the clouds which they carry and in their 
humidity. 

Ijey, Rev. W. C. Sym<nus Meteorol. Map,, vol. xiL (r«/>.) 

[No. for February.] 

{Page 9.) Picus riridis. Its laughing cry is seldom heard during humid weather, 
or when the sky is much overcast. The greenfinch is especially noisy in sultry, 
overcast weather. 

N'ature. 

(^Page 210.) Contributions to hygrometry. The wet bulb thermometer. By 
W. Marriott, read to the Meteorol. Soc., December 20th. 1870. The observations 
were made to determine what a wet bulb should be. Ten thermometers were used 
as wet bulbs. With three bulbs the water receptacles were placed at different 
angles, but it was found that the readings were not affected by the position of the 
water receptacle. Others were used with different thicknesses of muslin and 
conducting threads ; the thermometers with the thinnest muslins always gave the 
lowest readings. Three pairs of dry and wet bulbs were used, one with a closed 
water reservoir, 6 in. from the dry bulb ; the other two having open reservoirs 
which were respectively 3 in. and 1 in. from the dry bulb. It was foimd that the 
dry bulbs of the two latter read lower than the former in fine, dry weather, but when 
the air was damp, and during rain, they generally read higher. The wet bulbs of the 
latter read a little higher than the former ; this was mostly the case in damp weather. 

Hon. R. Abercromby, Visibility, read to Meteorol. Soc., December 20th, 1876. 
Visibility is a very trustworthy prognostic of rain. The usual explanation that 
much moisture increases the transparency of the atmosphere is not borne out by 
{Page 541) observation. A correspondent in Jotini. Soc. Arts, notices that in 
Ceylon, where the air is damp, the fruit of the coffee-plant has to be picked at 
maturity, else it would mould on the tree ; whereas in Arabia, where the climate is dry, 
the fruit is allowed to ripen and drop off. 

N'ature. 

(Page 197. ) Steppes are characterized by absence of wood, the sandy surface is 
covered with grasses, dwarf herbs, and stunted bushes, which increase rapidly after 
the rainy season, but fade away altogether in the dry season. The steppe is 
defective in having no regular supply of water, being only here and there covered 
by streams, marshes, and lakes. The fauna of the steppe is characteristic, and is 
never met with in woody or marshy places. The most remarkable are the steppe 
rodents, such as jerboas, sousliks, and voles. 

{Page 295.) (Hoffmeyer, in Naturen, June 1877.) Dr. Hann several years 
since explained the physical properties of ihe/iihn wind. The air is forced over 
the mountains; in ascending it expands, and becomes cooled. On descending 
again it is compressed and heated. Its temperature rises more and more above 
the dew-point, and moisture will, with continually increasing ease, be held dis- 
solved in the state of vapour. [See Notes, 1877, Czemy p. 240.1 
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(Page 336.) (Acad. Sci., PariB, August 6th.) Comparative influence of leafy- 
woods and resinous woods on rain and the hygrometric state of the air, by 
M. Fautrat. If vapours dissolved in the air were apparent like fogs we should 
find forests enveloped by a large moist screen, and for pine forests the envelope 
would be greater than for others. Pines retain in their branches more than half of 
the water poured on them, while leafy trees let 58 per cent, go to the ground. 

(Pctge 369.) (Dr. Hamberg.) The absolute humidity of the air on clear nights 
in which no dew is deposited decreases from the ground upwards, just as l^appens 
during the day ; but, on the other hand, with dew the humidity is least nearest the 
ground and increases with the height, and this influence of dew in diminishing the 
humidity extends upwards to at least 2*2 feet. Since his observations clearly show 
that the absolute humidity begins in the evening to diminish near the ground before 
any dew is observed to be deposited, and also diminishes at all heights on those 
nights during which no dew whatever is formed, Dr. Hamberg is of opinion that the 
diminution of the humidity is to be sought for in other physical causes than the 
deposition of dew. 

{Page 392.) (Acad. Sci., Paris, August 20th.) Faye : The phenomena relative 
to the exceptional winter of 1876 — 7 are attributed by Hebert to a succession 
of strokes of sirocco which have communicated the heat and drought characteristic 
of them. The sirocco stroke, which caused the very mild dry weather in the 
beginning of the year, belonged to three great cyclones, which came, like all the 
others, from the Atlantic. [Perhaps this refers to Paris.] 

"N&ture, 

{Page 134.) (Hon. R. Abercromby. Meteorol. Soc., November 21st.) In a 
cyclone the broadest feature of the weather is an area of rain about the centre 
surrounded by a ring of cloud, beyond which the sky is clear. The position 
and precise forms of these areas vary with the type of pressure distribution, 
with the intensity of the cyclone, and with the rate of its progress ; they are also 
influenced by local, diurnal, and seasonal variations. By recording the appearance 
(Page 135) to a single observer of any part of a cyclone as it passes over him, it is 
discovered that the area of rain and cloud ring may be divided into two portions, — 
the front and the rear, — diflering in physical appearance and general character of the 
weather by a line drawn through the centre, in front of which the barometer is 
billing and in rear of which it is rising. In anti-cyclones S3moptic charts show great 
irregularity in the positions of clouds, etc. 

(Page 156.) (Fautrat. Acad. Sci. Paris, December 10th.) Above pines in the 
daytime there is always a rise of temperature from the solar heat being retained by 
the vapour enveloping the tree tops. 

1878. 

Abercromby, Hon. B. 

{Page 143.) The process of averaging has resulted in the discovery of diurnal 
{Page 145) and annual variations of vapour and humidity. A watery sky is a 
sign of rain, because it is characteristic of the front or east part of a cyclone^ 
and as a cyclone usually travels eastwards, an observer will successively be 
subjected to the influence of the cloudy and rainy parts of a cyclone before an 
area of Gne weather again reaches him. Again, visibility with an overcast sky 
is a sign of rain, because the general condition of circulation in the atmosphere 
shown by straight isobars, during which it is observed, is never persistent for 
longy bu works up to a cyclone and rain. Visibility with a cloudless sky is a 
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aign of rain when the cyclone ia quickly followed by another. When that is 
not the case visibility is sometimes the precursor of persistent dry N.W. 
{Page 149) or N.E. winds. As to the 10 a.m. maximum of the barometer, if 
we look at the barographic trace for May 27th, 1877 [for London], we see that 
auperimposed on the general rise of the barometer between 4 a.m. and 11 a.m. 
there is a very slight depression. The author's observations for the day are 
not very complete, but a similar depression is very common, and in many 
caaea he haa obaerved it to be aaaociated with the temporary formation of heavy 
clouda about that time of day. If this is confirmed by future observation it 
would point to the concluaion that either overcasting of the sky or the forma- 
tion of cloud interfere with thoae statical or dynamical changes which produce the 
10 A.M. maximum. The author has pointed out in a former paper nhat there 
are critical periods of the formation or disappearance of doud or fog superimposed 
on the general cyclone or anti-cydone character of weather corresponding with the 
{Page 150) hours of diurnal barometer maxima and minima. Cloud produces a small 
diurnal range of temperature ; at night it reduces the cold, and by day it 
reduces the sim's rays, so that a temporary clearing up of the sky might make 
the minimum temperature at almost any hour of the night, and the maximum 
{Page 151) at almost any hour of the day. If ever meteorology ia to be a 
science, it is of the utmost importance to discriminate between the different 
kinds of clouds, and to determine their position in synoptic maps relative to 
•cyclones and anti-cyclones. 

Archibald, E. D. 

{Page 505.) The hypothesis started by Hill and myself, that the solar radiation 
varies inversely with the sun spot frequency takes account of the probable 
effects of such a variation upon the vapour currents throughout the globe with 
respect to velocity, direction, season, and latitude. According as tradea, anti- 
trades, monsoon or anti-monsoon, prevail (1) at different places at the same 
reason ; (2) at the same place at different seasons, so wiU specifically distinct effects 
arise both from the amount of vapour brought, and its conditions of precipita- 
tion, to determine which, not only the general conditions introduced by latitude 
and season, but the local and meteorological functions of the region must be 
carefully studied. The anti-trade, which in its seasonal shifts north and south 
traverses the entire temperate zone, should give signs of a secular change in 
intensity and humidity, corresponding according to the hypothesis, inversely 
with the sun's spots. 

Broun, J. Allan. 

{Page 126.) Hei-schel cites Humboldt's statements that the clearing away of 
clouds was well known to the seamen and pilots of Spanish America. Bamardinde 
St. Pierre, in his * Voyage h VHe de Reunion,' says : * I remarked constantly that 
the rising of the moon dissipated the clouds in a marked way. Two hours 
after rising the sky is perfectly clear' (April 1768). Faye says the moon hai 
no such effect, supporting his conclusion by the Vigevano register by Serafini, 
who, however, records the condition of the sky between morning and evening 
only. M. Schiaparelli finds from this register that the sky was cleareat in the 
first quarter of the raoon. Faye's conclusion was faulty owing to the one-sided 
character of the evidence, and from his neglecting the observationa of Madia: 
and Kreil, Park Harrison and Balfour Stewart The moon's heat cannot be 
{Page 127) the cause of the phenomenon, as the moon gives no heat, so that 
it must be explained in some other way. 

404 



LQUZOnS VAPbUB 1878. Lockyer. MOTES. 

KlTlg, Samuel. Symont'M Metecrol Mag,, toI. xiiL (rjp.) 
{Fagt 176.) He refers to deiue fogs at Ekwick Lodge. The ponds and ditches 
irere covered with a greyish scum, which seems to indicate the fog was not 
intirely composed of watery particles. The wind had blown from the north for days. 

IfOokyer, J. IS. 

{Page 224.) I woald ask whether daring the night the molecules of aqueous 
rapour which absorb the blue have not been driven into higher forms, dew 
t>eing one of them, owing to the reduction of temperature. This would explain 
&e generic differences between sunrise and sunset colours, as also the golden 
instead of red simsets which accompany the formation of cloud. 

Murray, A. lES. Sytnofu^t Meteorol. Mag., toL xilL (r«p.) 

[No. for November. It is a newspaper insertion opp. p. 160.] 
CoL 3. [There is no numbering in the original.] The clouding which occurs 
in the front of a barometric depression usually commences in the west, and 
the clouds at first often assume the appearance of streamers. [His statement 
is general, but he seems to have W. Europe in his mind.] An attempt was 
made to test if the moon influences the cloud, by means of observations made 
at Hastings. [It was assumed that if the thermometer on the ground was 
not very different from one 4 feet above ground that the sky was cloudy ; if there 
was a great difference that the sky was clear J. For the year 1876 I picked 
out all the days of full moon, new moon, first and last quarters, and found 
that the difference between the thermometers was in the following proportions : — 
Full, 24 '7 ; last quarter, 39*3; new, 41*0; first quarter, 46*6; showing 
that for that year there was most cloud at full moon, and least at the first 
quarter. I then combined one day on each side, and obtained the following 
figures: — Full, 91*9 ; last quarter, 108 ; first quarter, 116*3 ; new moon, 
151*5; giving least at new moon, most at full. For 1877 the results were, 
for one day .—First quarter, 38*9 ; new, 43*1 ; full, 49*9 ; last quarter, 52*5 ; 
^ving most to the first quarter, least to the last quarter. Including one day 
m each side. First quarter, 130*1 ; new moon, 137*5 ; last quarter, 150*1 ; 
all moon, 158*3 ; giving most to first quarter, least to the foil. The two years are 
itterly at variance, and the impression I arrived at was that the different years 
rould neutralize each other, and that the amount of cloud would prove to 
le on the average the same for all ages of the moon. 

M"^ J. H. 

(Page 672.) Boussingault (' Ann. de Ghimie,* xii., p. 289) finds from the average 
•f fourteen experiments that the hourly loss of water by evaporation of the leaves 
»f a healthy Jerusalem artichoke for every square metre of foliage is 65 grammes 
Q sunshine, 8 in shade, and 3 during the night. Mint gave off 82 grammes 
n Bunahine and 36 in shade. A grape vine gave off 35 grammes in sunshine, 
1 in shade, and 5 during the night. The whole plant had about 138 square 
oetres of foliage, and in sunny weather would lose in 2i hours 48 kilogrammes 
»f water. An acre of beets, it was calculated, could lose in 24 hours between 
Page 673) 8,000 and 9,000 kilogrammes. Plants that have lost much of their 
onstitutional water may absorb water from an atmosphere saturated with 
iqueous vapour. 

Thomson* Sir C. W. 

(Page 449.) There is a vast mass of cold ocean water which flows from the 
iouih far into the north hemisphere. The explanation of this is simple. For 
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some cause, not fully understood, evaporation is greatly in eicess of precipita 
tion in the northern portion of the land hemisphere, while oyer the wate 
hemisphere, and particularly its southern portion, the reverse is the case ; thu 
one part of the general circulation of the ocean is carried on through tht 
atmosphere, the water being raised in vapour in the northern hemisphere, hurriec 
by the upper wind currents to the zone of low barometric pressure in th< 
south, where it is precipitated in the form of snow or rain, and welling thena 
northward in the deepest channels on account of the high specific gravity dependent 
on its low temperature, it supplies the place of the water which has been removed. 

N'ature. 

Page 386.) In Plant^'s experiments the electric current in presence of aqneoat 
vapour yields a series of phenomena altogether analogous to the various phtfei 
of polar auroras. If the positive electrode of the secondaiy pole of the secondaiy 
battery is brought into contact with the sides of a vessel of salt water, we 
observe, according to the distance of the film from the liquid, either a corona 
of luminous particles arranged round the electrode (fig. 8*), an arc bordered 
with a fringe of brilliant rays (tig. 9), or a sinuous line, which rapidly folds 
and refolds on itself (fig. 10). This undulatory movement in particular forms • 
complete analogy with what has been compared in aurora to the undulatioDi 
of the serpent, or to those of drapery agitated by the wind. [If so, then notei 
on aurorsd would afford some information as to the distribution of aqaeoos 
vapour in the higher regions]. Plants explains the slow movement or stoppage 
{Page 386) of globular lightning by the movement or repose of the colnnm 
of moist air strongly electrified and invisible, which serves as electrode. Almoii 
{Page 436) every known portion of the south hemisphere (Mardi 28th) has been 
suffering from a severe and protracted drought. 

n'ature. 

{Page 288.) If the upper currents depicted by the Rev. W. C. Ley in hi« 
paper are' to be regarded as tolei*ably close approximations to the movements 
of the cirrus-cloud of a cyclone, it follows that the region of the cirrus occupies 
a much higher level over the front portion of a cyclone than it does over 
its rear, — notably than over its north-west quadrant, — a point of prime import^ 
ance in relation to the theory of storms. Professor Loomis supposes that in 
great storms the inflowing air escapes by an ascending current, carrying vitH 
it a large amount of vapour, which, as it is cooled, is condensed into dood 
and rain, and that the heat thus liberated further expands the air. — Montignj 
{Page 292) shows that approaching moist weather increases the intensity of flcin- 
{Page 352) tiUation of stars (Acad. Sci. Paris, July 16th). — Crova observed tin* 
solar radiations were weakest with S. or S.W. winds, and strongest with N. of 
N.W. winds, the former increasing, the latter diminishing the vapour in the 
{Page 680) air. Dr. Hellmann (in the 30th report of the Royal Meteorological 
Institute of Prussia) finds that the daily maximum of cloud occurs at Crefeld 
about, or a little before, sunrise from September to April, whereas from M»y 
to August the maximum is from about 11 a.m. to 3 p.m. The monthly maxinnim 
which holds also for all hours of the day is December, while the montk 
with clearest skies is September. 

* 

♦ These dgures are not reproduced here. 
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Nature. 

(Pa^ 178.) Rev. W. Clement Ley : Cloud observation requires a special train- 
ig of the eye. The dasaification and nomenclature is highly unsatisfactory, having 
sen framed at a time when the relation of wind and weather to the dietribu- 
on of barometric pressure was unknown ; and with this relation the form 
ad movements of 'the cloud are intimately connected. As regards configuration, 
louda seem naturally divisible into two groups — those which arrange themselves 
1 layers, whose ^irertical diameter is small as compared with its horizontal, 
nd those which assume spherical or hemispherical shapes, and this diviBion 
I related to certain physical conditions of ike atmosphere, and of the earth's 
arface beneath the clouds. The movements of the upper clouds afford most 
aluable information concerning the distribution and movement of the areas 
f high and low barometric pressure. It may be sufficient to explain that in 
iie front of an advancing barometric depression there usually extends a bank 
f the halo-producing cirro-stratus, the exterior edge of which is, roughly 
[>eaking, a parabola, the focus of which lies in the line about to be traversed 
y the centre of the depression. On the right hand of the centre this bank 
r sheet is abruptly broken, and is succeeded in the rear by local shower-clouds, 
n the left hand the sky commonly continues overcast, but the cloud-plane 
radually descends until little is to be seen but low stratus. A backing of 
le upper current takes place until after the centre of the depression has 
issed. In whatever direction a depression is advancing the same characteristic 
tienomena are observed. Thus changes in the clouds indicate to us probable 
terations of wind and weather. While the nimbus which exists in the front 
' a depression first makes its approach evident by changes in the higher cloud - 
rata, the process of nubefaction is the converse of this in those local showers 
hich commonly occur on the right hand and in the rear of a centre of depression, 
id therefore when the barometer is rising, or just about to rise. These latter are 
iveloped in an upward direction through the formation of cumulus. The pre- 
pitation which occurs in them — always preceded by a change of appearance 
the domes of clouds, which assume a soft and drriform aspect — is attri- 
ited to the neutralization of electricities as the summit of the doud passes into 

higher region; hut there are important differences between those cumuli 
lich are likely, and those which are unlikely, to undergo this transformation. 

physical explanation is given of the ordinary weather signs derived from 
e colours of the sky, from vLsibility, and from unusual refraction. Attention 
invited to some unusual types of clouds, especially to a very elevated turreted 
ratus often erroneously termed cirro-cumulus, occurring with high temperature 
I the S.W. borders of anti-cyclones, a forerunner of thunderstorms. The forma- 
>n of the low level stratus, and of the fog which usually prevails in our 
inter anti-cyclones, seems to be due to a downward movement of the air at a 
me when the earth's surface is colder than the atmosphere at a slight eleva- 
^n above it. 

SymontU Meteorol, Mag,, vol. xiii. {rtp,) 
[No. for May.] 
{P<ige 55.) Alluard's hygrometer is essentially an improved Regnault's. By an 
Tangement of tubes ether is made to evaporate when wished, so as to cool a flat 
rass plate. The thermometer beneath the plate indicates the temperature at which 
bw is observed to form. This is made easier by having an annular surface near, 
hich is not cooled. It is probably the best condensing hygrometer as yet 
itroduced. 
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[No. for July.] 
{Page 91.) The questions proposed for discussion at the International Meteoro- 
logical Congress include the following : Influence of cultivation, of grassing, and of 
replantation upon the production of dew, on the amount of rain-fall, and on its 
discharge from the Bvahce of the earth. Origin and nature of dry f ogSb 

[No. for December.] 

{Page 167.) In Blandford's theory of cyclones, an essential condition is thst the 
cyclonic area be supplied with an indraught of a saturated current from the S. W. or 
W.S.W. [His remarks refer to North India, so that this would lie also a wann 
quarter. His theory is in the main the same as Espy's.] 

{Page 169.) Dr. Koppe's per cent, hygrometer is a Saussure's hygrometer with an 
arrangement for adjusting the index to the true reading. 

1879. 

Erakiney St. Vinoent» Joum. Roy, Geog. 8oc,, toL xlviiL (1879). Read Jannaiy 18th 

1878. (r«.) 

{Page 28.) At Muxango's Kraal [in South Mozambique] in 21** 2^ S. the momingi i 

and evenings were calm and clear, and a sea breeze generally prevailed during tho | 

day laden with cumuli. j 

Hind, J. B. 

(Pa^e 189.) In B.o. 44 Plutarch and Dion Oassius record that for a whole year the 
sun was paler than usual, and gave less heat, ^e air continuing oold and misty. 

Ijey, Bev. W. C, in Modem Meteorology, 1879. (rv.) 

{Page 102-103.) Very little progress has been made on the subject of clouds and 
{Page 103) weather signs. Aratus and Virgil were almost as advanced as some 
modem meteorologists. But this science is capable of great ultimate achievementi 
fPage 104.) Cloud observation is, in a very great measure, an incommimicable ari 
Keenness of sight, coupled vrith the habit of observing phenomena, are the first 
requisites ; to this must be added a training of the eye by practise. By practise, I 
can now, when only the summit of a cloud forty miles away is visible above the 
distant horizon, state, with unfailing certainty, whether or not rain is falling from 
{Page 105) the under-surface of that cloud. Similarly, I can detect motions in 
cirri imperceptible to most observers. Inaccuracy in cloud observations, as regards 
distance or relative height, is the rule. For example, when cirrus or drro-cumoliu, 
at a great altitude, is moving in a rapid under-current, while thin clouds nearer to 
the earth's surface are stationary, or nearly so, most persons say the first-named 
(Page 106) cloud is the lower of the two strata. Forster made this mistab' 
Artists seldom paint clouds right, so that there is no way of referring to the 
{Page 107) objects by way of illustration except directly. Observers have not ' 
settled upon a reliable classification, and the nomenclature is faulty. Eveiy daflil j 
{Page 108) cation must fail which does not take into account the intimate oonnectiflB 
between the forms and movements of clouds with other elements. The behsTioor 
of clouds is evidently controlled to a great extent by atmospheric electricity, bnt ' 
we know little about this. A thorough knowledge of all these is essential before we • 
can make a good cloud classification. Clouds may be grouped in two divisicm : 
{Page 109) first, those tending to arrange themselves in a horizontal layer, the ; 
components of which may be either fibrous and interlacing (which is commoolf |p 
noticeable when the bed is at a great elevation), or more compactly welded (whidiii: = 
more common when the bed is near the earth's surface), but whose vertical diameter 
is in any case very small as compared with its horizontal ; second, the doodi of ■ 
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e spherical or hemispherical shapes, and having a plane base when in the 
r regions. Both exist at all altitudes at which clouds are visible. The first 
ie divisions comprises essentially the clouds of the night, and the second those 

1 10) of the day. Again, clouds of the first division are those of winter, those 
second, clouds of summer. But this rule applies with much fewer exceptions 
lower than it does to that of the higher portion of our hemisphere. Finally 
lis rule has many exceptions), clouds of the first division are more common 
tie sea than over the land. On the west coast of Norway, for example, I have 
seen the mainland covered with massive piles of cumulus, while over the sea 
)nly a few streaks of linear cloud. Each little island had a litUe cumulus 

above it, a larger island a larger cumulus, and so on, the size of the cloud 
almost exactly proportional to that of the land surface beneath it. It is even 
lat a reef when covered with shallow water often has its position marked by a 
y cloud of the cumulus form above it. I here adopt the term stratus for 

of the first division, and cumulus for those of the second. The most valuable 
er signs are derived, not from the former, but from the direction of motions 

111) of clouds of different levels. Movements of the highest clouds afford 
lation of the highest value concerning the distribution and movements of the 

112) areas of barometric pressure existing at the time of observation. Here 
y the term ' cirrus ' only to the * curl douds,' or ' mares' tails,* which float at 

elevation ; cirro-stratus to the halo-producing sheet ; cirro-cumulus to the 
113) small white nebulsB which float at the same level as the oirruB and 
stratus. 

then points out how the movements of clouds indicate the positions of areas 
ti and low pressure ; these details more pertinently appertain to barometric 
re and wind, but those which bear upon the distribution of aqueous vapour 
/en here.] 

/e 115.) There commonly exists in front of an advancing barometric depression 
t bank of the frozen moisture in the high regions of the atmosphere which we 
irro-stratus. Synchronous observations show that the edge of this bank is 
only curved, and that the curve is, roughly speaking, a parabola, the focus 
ch lies nearly in the line along which the centre of the depression is about to 
We do not, however, commonly see this curve in looking at the cloud, 
we do see are longitudinal threads, or filaments of thin doud, at an altitude 

116) of between 25,000 and 40,000 feet above the earth, and so arranged as to 
-allel to each other. Outlying streaks of this cloud often form from twenty to 
indred miles in advance of the main pack, the pioneers of the coming army, and 
I examined without difficulty. These threads of ice crystals terminate in most 
lated points which are often curled more or less outwards or upwards, 
kept asunder by electric repulsion, the whole thread acting as a horizontal 
ctor of electricity. A& the actual bank comes over us the threads which 
«e it are seen to be more or less reticulated, forming a filmy sheet or canopy, 
mcture of which becomes less and less discernible. This is the form of doud 
produces halos. Occasionally, indeed, even from the first appearance of the 
we can scarcely discern any structure in it at all ; the sky seems simply to 
e gradually overspread with a milky-looking film of whitish doud matter, 
s latter case we infer that the upper regions are especially humid, and that 
ystals being less insulated, consequently do not arrange themselves in definite 
Is. In any case, as the bank becomes more fully over our station its under 
e becomes lower, and is at the same time rendered indistinct by the formation 
ble doud matter in the lower regions of the atmosphere. The commencement 
i stage usually coihddes with that of the fall in mercurial column, for the 

117) barometer is often either rising or stationary under the outlying threads 
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already described. The rain-bringing wind now begins slowly to make itself felt at 
the earth's surface, the upper clouds cease to be visible at all, for the sky becomes 
totally covered by a composite mass of condensed vapour, and more or less precipi- 
tation at once sets in. I will now describe the movements of that npper current 
which has brought this canopy over our heads. I wiU suppose, then, first, that 
{Page 118) depressions are travelling from S.W. to N.E. (which is with us their 
most common direction), an anti-cydone lying to the S.E. of our district. First, let 
us imagine ourselves to be situated actually upon the line which is to be traversed 
by the centre of the disturbance. Cirrus thread will first appear upon the south- 
west horizon, and parallel to that horizon. When some of them have arrived at the 
zenith we shall find them to travel from some point between W.S.W. and W.N.W. 
A little later, when an easterly wind has sprung up beneath, and when the clond- 
bank is getting thick, we shall, if we can catch an opportunity of seeing the higher 
clouds, find that their current has backed ; that is to say, is now from a rather more 
southerly point. 6y-and-by, when the barometer has reached, or nearly reached, iti 
minimum, if we can see the clearing of the sky, we shall find that this upper current hai 
backed so much as to be then moving from a south-easterly point. The cirri will then 
(Page 119) be ranged in lines from S.E. to N. W. Their appearance will, at the sime 
time, have greatly altered ; they will have become much more massive, and their 
threads or tufts wiU commonly be seen to point in a more or less downward directioOi 
indicating that a cold and drier atmosphere is setting in below. Now let us imsgine 
that the advancing depression is passing considerably to the N.W. side of our station* 
In this case the bank of cirro-stratus or its outlying threads have first been visible 
on the W. or W.N.W., and parallel to that horizon, and the upper current is foond 
to travel from some N.W. point. As the bank spreads over us, while the south- 
westerly wind springs up beneath, we observe the upper cloud to be less thick snd 
watery-looking than in the description given before. Cirro-cumulus in this case 
often takes the place of cirro-stratus, which is probably an indication that no great 
conduction is going on aloft. The rain, if any, falls in spasmodic showers, snd 
when the sky clears it does so far more gradually than at more central stations. 
Here, too, we shall find that the upper current has backed, but only to a W. or S.W. 
point, so that when the wind at the earth's surface has veered to W., clouds of 
every level over our heads will be found to move from nearly the same quarter. 
(Page 120) Again, suppose a depression in going N.E. is leaving us upon its left 
In this instance the cirro-stratus bank first shows itself on the S.8.W. horizon, and 
its motion is from some point between W.S.W. and S. In this case, after the sky 
has thickened, and a north-easterly wind has freshened with a falling glass, we veiy 
rarely get an opportunity of seeing the upper clouds at all ; but when we do, at the 
time that the centre of the disturbance is nearest to us, we usually observe the 
upper current to have backed so as to come from S.E. The rain, in this 
instance, if it extends so far north as our station, is cold, thick, and continuoui. 
As it ceases the clouds remain for a little while low and dreary, the clearing of the 
sky is very gradual, and when the wind is gone round to N. and the barometer 
is rising, we commonly see that the main vapour-plane has greatly descended, sod 
that in lieu of the cirro-camulus, and shower-clouds which are being experienced 
farther south, we have irregular but level stratus occupying the middle or rather 
lower beds of the atmosphere. Now, suppose we are in the rear of a disturbance, 
the central part of which has passed fairly oft* to the N.E. The sky is either deer 
or contains fragmentary cumulus and perhaps a few local shower-clouds. Such 
{Page 121) upper clouds as are seen are here commonly either masses or threads d 
somewhat curly cirrus ; if threads, they stretch from N.W. to S.E., and their motion 
is, in any case, nearly from that direction, and this coincides, or nearly so, with the 
line of the isobars. It is a very rare thing to experience a N.W, wind (except 

410 



iQUEOUB VAPOUR 1879. Ley. NOTES. 

iminediately after it has veered to that point) which does not extend to the highest 
regions of the cloud-bearing atmosphere. When depressions are passing over or 
near us, the general distribution of high and low barometer is not always such as I 
bave described. But the same rules apply, the winds being shifted. Thus if the 
depressions are going S.E., we must veer our words eight points or shift our diagram. 
I shall give one or two illustrations of what I mean. In weather in which we 
{Page 122) know from the previous changes of wind, and better still from our study 
of the daily maps, that the depressions or areas of rainy weather are travelling 
from S. to N., the appearance of a thick bank of cirro-stratus in the S.E., 
moving from some point between S.W. and S. after an interval of ^e weather, 
is often an indication of coming rain, probably heavy, and accompanied by 
a muggy N.E. wind. On the other hand, if under the same circumstances the 
first threads of cirrus or cirro-stratus are observed in the W., but are found to 
travel from the S.W., the rainfall is not likely to reach our station, at least in more than 
one or two passing showers. Again, let the weather be such as we frequently have 
in spring, and occasionally in autumn and winter, winds backing and veering 
between W.S.W. and N., and the weather map showing us that areas of bad weather 
are travelling from the Scottish coasts towards Holland and Denmark. Let a fine 
day be succeeded by a watery bank of cirro-stratus in the N.W. traveUing from 
N". or N.N.E., hard weather is to be expected ; a blustering westerly wind ac- 
companied by composite cloud-bank will probably veer to a cold N. or N.E. gale. 
Chi the other hand, under the same circumstances, let the cirrus appear first 
in the N.N.E., and travel from a northerly point, we are not then likely to 
experience more than a few slight showers of sleet or snow, with only a moderate 
[Pftge 123) backing or veering of the wind. The whole subject is one of great 
ii4K>rtance in making forecasts. Howard called every cloud from which rain falls 
% nimbus, but he i^pears to indicate a twofold division ; but neither he nor his 
luooeasors have told us much of this division. The symptoms of the extensive 
rainfall become first apparent, as a general rule, in the higher regions of our atmo- 
iphere ; the cloud-bank begins at a high level, and is succeeded by a composite 
Page 124) cloud at a lower level. The formation of passing showers is <X)mmonly 
^he converse of this process. Almost every one must have observed the forma- 
ion of a cumulus doud, probably in the earlier hours of a showery day. 
!x>oae shreds of irregular cloudy matter begin to appear, here and there, 
mder the bright blue. They are at first near the earth's surface, commonly 
n what has been the vapour plane of some stratus in the preceding night. Gradually, 
m rapid evaporation goes on under tha increasing power of the sun^s rays, the 
iaing vapour forces upwards the particles above it, which are condensed by the cold 
>f the higher regions into more and more mountainous masses. The under-surface 
renudna level, reposing on the vapour-plane that is precisely at that altitude above 
ihe earth at which water passes from the gaseous state to that of mist. Below the 
mmnliiB the vapour is rising, but in the invisible state. The general shape of the 
3mnulu8 is a hemisphere or cone with a surface formed of rounded protuberances. 
U you look at these you often see them continually tumbling back into the main 
body of the doud, which yet continues to swell gradually upwards and outwards. 
That the older meteorologists were right in attributing this process principally to 
[Page 126) electric disturbance I cannot doubt. The doud is now an insulated body^ 
more or less highly charged. It repels the opposite electricity from the partides in 
ita neighbourhood, and attracts them to itself, and an invisible rain of such particles is 
perpetually pouring probably upon all parts of its surface, the general charge of the 
doud beingretained partly by reason of its spherical surface. Similar clouds have been 
nmultaneously forming in other parts of the heavens, and a thunder clap is heard on 
the diaiant horizon. We see in the quarter from which it has proceeded a cumulus or 
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body of cumuli, the upper surface of which has put on quite a different appearance. It 
is spreading outwards and upwards in very thin cirrus-like filaments. It has, in fact, 
risen to such a height as to approach a stratum of gas intensely electrified, and with 
an electricity opposite to its own, and it is disposing the ice-prisms in innumerable 
threads, or feelers, spreading their attenuated points through the lofty regions of 
highly-rarefied air. We look again at the cumulus which we have watched before. 
Its glowing summit is undergoing a similar metamorphism, becoming softer and 
more downy than the lower portions of the cloud. Exactly at the samo time that 
this change is taking place, we notice the atmosphere beneath our cloud to begin to 
be dimmed by the falling rain. The neutralisation of the electricities aloft has per- 
mitted the particles of water, hitherto kept asunder by repulsion, to unite and be 
discharged to the earth in rain. 6y-and-by little will be seen by the meltijig 
(Page 126) cloud save a certain amount of cirrus disposed above, and some loose fledcs 
of scud or of soft cumulus beneath. This is the first formation of the tjrpical shower. 
We have showers and showers ; showers which have been formed a long way off, and 
showers, too, which are so embedded in other cloud forms, that we fail to get a 
glimpse of their cirrif orm summits, or even to distinguish the outlines of their sides 
or base. Showers of thick small rain even fall, in some circumstances, from low 
clouds of the stratus type, but these clouds also, just before their precipitation com- 
mences, lose their definiteness of outline as regards their upper surface, always 
looking as if they were discharging rain or snow in an upward as well as in a down- 
ward direction. But the formation that I have described is decidedly that most 
distinctive of the local shower in contrast to the widespread rain. Now we all know 
that the first steps of the formation which I have described are often discernible with- 
out being followed by any shower at all. In fine weather, especially in the siting and 
summer, we often see cumulus forming day after day, attaining its greatest dimen- 
sions about the hour of highest temperature, and either dissolving altogether about 
(P<ige 127) sunset or subsiding into the loose-spread stratus which is scattered at 
nightfall through the vapour-plane. The colours of the sky are, in many instances, 
related to the advance or retreat of the extensive nimbus. When cumulus begins 
to form ifhder those other circumstances which lead us to suspect coming showers, 
watch its formation and appearance with great care. A very rapid upward develop- 
ment of the cloud while the outline is hard and the base very level is a bad sign, 
which is intensified if the protuberances of the upper surfaces are seen to toss and 
roll with much activity. When, as is very commonly the case, there are clouds of 
other species in the sky, notice these particularly. If there is a good deal of loose 
{Page 129) stratus, the remains of night cloud, around the base of the cumuli, and 
the latter are forcing their domes far above them, and gradually absorbing or repel- 
ling them beneath, the occurrence of showers before nightfall is probable. On the 
other hand, if there is stratus at a moderate altitude and cumuli are formed still 
lower down, and the summits of the latter seem inclined to spread out and blend 
with the stratus as they reach it, while the base of the cumuli become ill-defined and 
appear gradually melting, the weather is pretty sure to remain dry. In the Utter 
case there is a sort of second cloud-plane in the middle region of the atmosphere, 
namely, that occupied by the stratus, which serves both to impede the evi^rsiion 
from the earth's surface by checking the solar rays, and also to conduct honxontallj 
the electricities of the doud at a very early stage of their formation. The stratiuis 
sometimes of a special kind, never or hardly ever seen before rain. The bold lerel 
{Page 130) based cumulus is often the precursor of a hail or thunderstorm. It is a 
very common thing on those occasions, when there is what I have called a second 
cloud plane at no very great altitude, to see cumulus when its summit reaches Uie 
plane, spreading out in very thick opaqu^ folds. To the inexperienced eye these 
clouds have a somewhat stormy and formidable appearance, probably because they are 
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rather similar in shape to those far loftier shower clouds whose summits have spread 
outwards into the cirrus regions of the atmosphere, and the untrained eye recognizes 
forms far more readily than distance. Tet clouds of this kmd rarely or never pro- 
duce a shower. They may be seen at all times of the year, but especially in spring, 
particularly in the eastern parts of an anti-cyclone. They are most commonly ac- 
companied with a good deal of haze, and associated with a dry and harsh atmosphere. 
Luke Howard seems to have intended his term cumulo-stratus to apply to the cirrus- 
{Page 131) crowned cumulus. There is a particular kind of cloud distinctive of 
special, though rather uncommon, types of weather which would by many be called 
cirro-cumulus. It is a very high stratus, having numerous protuberances emanating 
from its upper surface. There is no cirrus about it. Their altitude is rarely less 
{Poffe 132) than 14,000 feet. They hardly ever occur in our islands, except in sum- 
mer, and rarely then, unless the temperature is above the mean. They are rather 
more prevalent in the inland districts than elsewhere. They are usually seen near 
the western and south-western limits of an anti-cyclone when there happen to be one 
or more shallow depressions to the southward. They seem to be associated with 
vast electrical disturbances in the higher regions of the atmosphere, and they are 
very commonly the precursors of our grandest thunderstorms. This is especially 
the case when they move with great velocity from a south-easterly or southerly 
point, while clouds a little below them are flying from N.E. or E. Under 
these circumstances a single fragment of the cloud of this type, however minute, 
occurring in a bright sky, will enable an accurate observer to prognosticate thunder. 
These clouds sometimes disappear before the occurrence of a thunderstorm ; the 
latter then takes place in the daytime, and is formed from the cumulus type already 
described. But there is a remarkable class of thunderstorms which come on with 
this kind of cloud. This cloud resembles ordinary stratus in one respect, that it 
glories in the night. Soon after sunset in a summer evening it often thickens and 
{P<ige 199) darkens in the S. and S.W., its under-surface being disposed in 
numberless wavy folds, through which, here and there, shine the highly-reflecting 
sides of its broken but cumulus-like turrets. Presently the sheet lightning begins 
to illtimine the southern sky, while a light easterly or northerly breeze is felt below. 
In a few hours the storm is raging. Those of our summer thunderstorms which 
occur during the night are, with very rare exceptions, of this sort. When passing 
into the form which produces a shower, this cloud behaves like the ordinary shower- 
produciBg cumuli Their sumnyts run up so as to inosculate in some cases with 
cirnis at no great distance above them ; in other cases their summits become spon- 
taneously cirriform ; and this change, probably accompanied by a neutralisation of 
electricities, is, so far as I have observed, the essential requisite of their precipitation 
{Pa^ 134) in rain. The types of cloud opposite to the rain-bringing clouds are 
signs of fine weather. One cloud may be particularly mentioned as indicative of no 
rain. In summer the centres of anti-cyclones often comprise cloudless skies. A little 
stratas occurs at night, on some occasions at an elevation of from 4,000 to 10,000 
feet, and this is developed into cumulus of moderate dimensions during the day. 
At a great elevation cirrus may often be seen in conoid tufts whose movement is 
extremely slow. In winter, on the other hand, neither cirrus nor cumulus is common 
near the centre parts of anti-cyclones, but the sky is rarely clear. A bed of nearly 
stationary stratus often covers the heavens for many nights and days in succession. 
This bed is frequently of vast extent, but of very small vertical thickness. Where 
gaps occur in it we observe a sky totally devoid of every species of upper cloud. 
Now we infer that there is over every anti-cyclonic area a slight general downward 
movement of the atmosphere. In the summer the sun's rays dissolve the stratus, 
{Page 135) and the rapid evaporation taking place during the long and hot days 
sends up t^e local or scattered patches of cumulus or cirrus. In winter this does 
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not take place. The vapour in the very high r^ons of the atmosphere is carried 
by the descending current towards the surface of the earth ; it probably, therefore, 
experiences a rise of temperature, and consequently does not pass from the gaseous 
into the visible form. The surface of the earth is, hovrever, losing heat by radiation, 
and at an altitude of about 3,000 feet or less (often much less) above that surface a 
temperature is encountered which is low enough to condense the gas into a level 
sheet of vapour. The remarkable continuity of this sheet I imagine to be due to the 
fact that wherever a break in it occurs the earth beneath loses more heat by 
radiation, and the sheet is consequently speedily reformed. The air below is some- 
times clear, sometimes foggy. Occasionally over a great expanse of country, and 
especially in the neighbourhood of our large towns, the atmosphere is obscured by 
thick fog, and the densest and darkest fogs of London are commonly those which 
occur beneath this anti-cyclonic stratus ; l^ese fogs being, possibly, due not only to 
the want of horizontal motion in the air, but partly also to the descending currents 
which accelerate the downward movement of the now water-laden particles of smoka 
( Page IB6) Although strati are usually more prevalent over sea than land, this stratus 
is much more continuous over the land than over the sea. It is also noticeable 
that the breaking up of one of these bands of stratus is usually the first sign of a 
change from settled to unsettled weather. The explanation oflEered accounts for 
both these facts. The relative warmth of the atmosphere over the sea in winter 
prevents the formation of stratus ; and again, the cessation of the general descend- 
ing currents, or the commencement of the ascending currents, necessarily attends 
the breaking up or the passing off of the anti-cyclone. 

IjUoaSy Joseph. 8ymont*8 MeUorot, Mag^ vol. xiv. {r$p,) [Abstract of a paper 

read to the British Association.] 

[No. for October.] 

{Page 147.) Changes of temperature in the soil must act upon the contained 
moisture in the same way as they do on the air above, thereby tending to cause 
evaporation, or to produce percolation. In an abstract of more than 100,000 
observations upon the temperature of the soil, made in the gardens of the Royal 
Botanic Society, London, 1871-1876, Mr. G. J. Symons observes that the heat- 
wave commences in March, and spreads downwards till the whole four feet of 
observation is Warmer than the air in September and October, the effect of the 
preceding cold wave disappearing at four feet by the end of August. In November 
the cold wave commences, and moves down till the whole four feet is colder than 
the air by the end of February, when the heat wave begins again. 

Morgan, S. D, Joum, Roy. Geog, Soc, vol. xlviii. (1879) (r».). 

(Page 306.) Along the Urun-daria the atmosphere is so damp, that over the 
whole region there is a vegetation, consisting of saksaul (AnabaMs saxaul), tamarisk, 
brambles, and, where the moisture is still greater, willows and reeds. 

Moseley, H. N*. {B,) 

(Page 45.) On many mountains the distribution of plants is mainly dependent 
on the gradual inarease of moistui-e with height (above sea level), as in St. Vincent 
{Page 226) and Ascension. In high Arctic latitudes there is little cooling at night, 
owing to clouds and mists preventing radiation. 

Skertchley, J. A. Joum, Roy, Gtog, Soc., vol. xlviii. (r#.). 

{Page 281.) In Wassaw the dry season conunences from the end of August, and 
lasts till November. From December to May there is a short dry season. 
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SymonSy Q. J., in Modem Meteornlogy (1879) (rr.). 

{Page 138.) Each cubic foot of the air in the tropics may be said to contain 
roughly eight grains of vapour at the temperature of 76**. K that air be transferred 
to these islands, and be reduced to their average temperature of 50"*, it must part 
with nearly half its vapour. When one substitutes for grains and feet, tons and 
miles, there is no difficulty in understanding why winds from those regions deposit 
rain on all colder countries over which they blow. 

.8yinoxi8» Q. J. Sjfoumt^a Meteorol. Mag^ voL xir. (rjp.) 

[No. for November.] 

(Fage 163.) A lovely spot, embowered in trees and encircled by hills, is usually 
characterized by a damp, misty, cold, and stagnant atmosphere. These conditions 
(Fage 164) are not adapted for vigorous health. Evaporation data would be ser- 
viceable in computing the yield of storage reservoirs. Data as to the amount of 
evaporation would be very useful in connection with sewage irrigation, for it ought, 
evidently, to be most successful where the air absorbs the largest amount of surplus 
moisture. Hygrometry is almost identical with the measurement of evaporation, 
but not quite, because hygrometry considers the amount of moisture in the air at 
rest, and evaporation is the resultant of the average of a variable number of miles 
of air of a variable hygrometric condition over a water surface. It is the business 
of hygrometers to tell us how much water [in the state of aqueous vapour] there is 
in the air. It is never very great ; fifteen grains of water [in the state of vapour] 
in a cubic foot of air is the extreme, perhaps a trifle beyond the extreme, which 
ever occurs in this country [England], while it may run down to one grain per 
cubic foot. 

Nature. 

(Pa^e 269.) Eliot has discovered that a cyclonic vortex when generated in the 
middle of the Bay of Bengal always travels towards that part of the coast where 
the wind velocity for the time being is least in comparison with the average velocity 
for the same place and time of year. This law lends a great deal of support to the 
theory that a cyclonic vortex is developed through the accumulation, concen- 
tration, and condensation of aqueous vapour over a region of comparative calm. 
{Page 299.) Dr. Mann at Society of Arts, January 21st, stated that when solar spots 
were abundant, more solar energy was thrown out, and this caused a larger amount 
of the water of the earth to be raised in vapour, which condensed to a greater 
{Page 326) rainfall. Montigny comes to the conclusion that it is the presence of 
water in greater or less quantity in the atmosphere that exerts the most marked 
influence on scintillation, and which most modifies the character of it, either when 
the vapour is dissolved in the air, or when it falls to the surface of the ground in the 
liquid state, or in the solid state in the form of snow. Prof. Asa Gray in Am, Joum. 
{Page 327) Sei, showed how the distribution of forests is mainly dependent on 
the distribution of moisture, and thus explained the great difference which exists in 
this respect between the eastern and western United States. Afterwards he shows how 
the distribution and nature of the North American forests are dependent mainly 
{Page 648) on moisture and temperature. Acad. Sci., Paris, Match 3l8t. Colladon : 
In large hail storms the cumuli forming them are divided into several distinct 
groups, insulated electrically from each other by sections of cold air resembling smoke 
columns from several chimneys. The columns of hail the author conceives as a 
huge descending piston ; hence the violent whirling movements of wind near the 
ground, and the descent of cold, dry, highly-electrified air from the upper regions. 
{Page 523.) Meteorol. Soc., l^urch 19th. Dew, mist, and fog, by George Dines. 
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He used watch glasses of known area and weight, and exposed them on gnH, M», 
and a deal board ; the two latter were raised a few inches above the gnSi i 
minimum thermometer was placed beside each glass. It is only on lara oeoMMl 
that an amount of dew exceeding '01 inch in depth has been deposited vposfti 
measuring glasses, and out of 198 observations in only three has that smosnt bia 
exceeded. Fifty-eight observations gave the amonnt of from '01 in. to 061 ii.; 
107 from *005 in. to *001 in. ; 22 less than '001 in. ; and eight observatioiis gnsM 
dew at all. Dines thinks it may be fairly assumed that the average amuiil depMk 
of dew upon the surface of the earth faUs short of 1*5 in. There are twolmiirf 
mist, the morning and evening ; the morning mist is caused by the uia^onlM 
from the water and the moist ground taking place faster than the vapour is tifai 
away ; the air becomes saturated, but this does not stop evaporation ; the v^mt 
continues to rise into the air, is there condensed, and forms mist, whidi giadaiSly 
spreads over a wider surface. The evening mist is produced as follows. TbB M 
on the grass caused by radiation lowers the temperature of the air sboreit; tiM 
invisible vapour of water previously existing in the air is in excess of that wliidi 
the air can retain when the air temperature is lowered, the surplus is condeoied, 
becomes a mist cloud, and floats in the air just above the surface of the fpKL 
Taken either separately, or combined, the mists appear to be totally and altogetiMr ' 
inadequate to account for those dense fogs which st times overspread the cowokj. 
Dense fogs near the earth are often accompanied by a dear sky above. Dam 
would attribute these to some cause unknown, by which the whole body of air to 
some distance above the earth is cooled down, and as a conaequenoei part oftha 
vapour in that air is condensed, and forms an ' earth doud.' 

19'ature. 

(Page 116.) Meteorol. Soc, May 2l8t. G. M. Whipple finds that at Kew the 
amount of sky covered with clouds varies inversely as the barometric prosBure 
between the limits of 29'0 in. and 30*3 in., the variation being most rapid between 
29*8 and 30*1 in. Also that above 30*3 in. cloud increases with increasing pressure, 
attaining the mean about vK)'5, and rising above it at 30*6 in. Loomis {Am, JimrH. 
{Page 270) Sd.y July 1879) examines the paths of storms advancing from the north 
and from the south. They present different characteristics. In those moving from 
the south, the southerly winds which accompany them are marked by a greater 
humidity and velocity, and excessive rainfall. The facts presented by these ^vonr 
the idea that in a great storm the condensation of vapour is an efficient cause which 
controls the movements of the winds. The central depression of the barometer 
seems to be the result of a circulating system of winds, the most frequent cause of 
which is two or more areas of high pressure at considerable distances, often 1,400 
miles from each other— differences of humidity and temperature being important 
agents in producing, but more especially in maintaining such a system of winds. 
We require then, to know what are the causes which bring about those areas of 
high pressure roimd a region of lower, though stiU high pressure, and the concen- 
tration of moister and warmer air over this region. 

Symom's Meteorol. Mag., vol. xiv. {rtp.) 

{Page 89). A. Oruickshank selected six elevated points at distances of about 
{Page 90) 5, 10, 20, 30, 40, and 50 miles from his station, and by means of these 
estimated the extreme limits of view in the middle of each day for twenty-one years. 
The paper concludes with the deductions drawn from the observations. The mean 
daily distance seen is only twenty-tive miles. The mean number of days in the year 
on which a distance of fifty miles can be seen is ninety. The greatest mean dailj 
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distance seen increases for each month from January to July, and then decreases 
again from July to January. This monthly increase and decrease in the greatest 
mean daily distance seen corresponds respectively with the monthly decrease and 
increase in the humidity of the air. There is no regular relation between the 
monthly variations in the mean distance seen and the mean monthly amount of cloud 
in the sky. 

[No. for September.] 

{Pfige 122.) Dr. Grabham, in a paper read before the British Association, 
observes that the sirocco wind in Madeira is sometimes very dry ; the temperature 
being 84*" and the dew-point below freezing. 

{Page 124.) H. Gourtenay Fox, in a paper read before the British Association, 
concludes from the discussion of the observations at Greenwich that in the winter 
{Page 125) months cold tends to be synchronous with dryness, warmth with large 
rainfall ; in the summer months cold teuds to be accompanied by much rain, warmth 
by dryness ; and that years of drought tend to assume an average temperature. 

1880. 

Aitken* J. 

(Page 196.) Vapour must have some solid or liquid body on which to condense ; 
the dust particles usually form the nuclei required. When there is much dust 
in the air, but little vapour condenses on each particle, and they become but little 
heavier, and easily float in the air. If there are few dust-specks each gets more 
vapour, is heavier, and falls more quickly. When the air is nearly pure, and only 
a few dust-particles present, then only a few cloud-particles form, and they are 
heavy, and fall like line rain. He concludes that if there was no dust in the air 
there would be no clouds and no mists, and that the supersaturated air would 
convert every object on the surface of the earth into a condenser on which it would 
deposit. When there are many dust-particles they give rise to the light form of 
condensation which constitutes a fog, and therefore whatever increases the amount 
of dust in the air tends to increase fogs, and when the dust-particles are not so 
numerous the cloud-particles are larger, and settle down more quickly. The dust- 
motes seen in a beam of sunlight are not the active nuclei of fog and cloud-particles, 
but those which are smaller and invisible. The large motes may be active nuclei, 
but their number is too small to have any important effect. The products of com- 
bustion of gas and fire have great fog-producing power. The products from a clear 
fire and a smoky one give about equal fogging. Common salt when burned gave 
an intensely fog-producing atmosphere, but burned sulphur was the most active 
{P<tge 197) substance experimented on. Smoke descends during a fog because the 
■moke-particles are good radiators and soon get cooled, and form nuclei on which the 
water-vapour condenses. Falling smoke indicates a saturated condition of the 
air. 

Archibald, R D. 

(Page 394.) [He gives tables showing the variations from mean of cloud for the 
year, summer and winter at various places]. The tables show that with few 
exceptions — 1. The annual amount of cloud is below the mean at the epochs of the 
crests of the heat waves, and above the same at those of cold waves ; 2. That the 
relation is of the same kind, but more marked when the results for the summer 
season alone are compared ; 3. That the results for the winter show, in several cases, 
a tendency to vary in the opposite manner. The dates of the crests of the hot and 
cold waves, as given by Professor Smyth, coincide with and include the principal 
critical epochs of cloud variation. It would seem that the waves both of heat and of 
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cold were partially dependent npon watery vapoor and its transformations, the heat 
wave being in part the effect of an excess of sunshine, and the cold wave of an excess 
of cloud. 

Blanford, H. F. 

{Page 482.) The following is a possible explanation of the alternating oscillation 
of pressure between the Indo -Malayan region and the Russian plains. Among the 
best established variations in meteorology which conform to the sun-spot cycle are 
those of tropical cyclones, and the general rainfall of the globe, both of which imply 
a corresponding evaporation and the condensation of vapour. Now this variation 
of pressure evidently has its seat in the higher (probably the cloud-forming) strata 
of the atmosphere. It is then a reasonable inference that the principal agency in 
producing the observed reduction of pressure at the epoch of sun-spot maximum is 
the more copious production and ascent of vapour which may operate in three 
different ways : First, by displacing air, the density of which is three-eighths greater; 
second, by evolving latent heat in its condensation ; and thirdly, by causing ascending 
currents. The first and second of these processes do not directly reduce the pres- 
sure, but only the density of the air-stratum while they increase its volume. In 
order, therefore, that the observed effect may follow, a portion of the higher atmo- 
sphere must be removed, and this will necessarily flow away to regions where the 
production of vapour is at a minimum — viz., the polar and cooler portions of the 
temperate zones, and more especially those where a cold, dry land surface radiatee 
rapidly under a winter sky, such as the great plain of European Russia and Western 
Siberia. 

Burder, Q. F« Symofuti Afeteorol. Mag^ vol. xv., 1880. 

{Pcuge 29.) A rather remarkable hoar frost was observed here [Clifton] on the 
last two days of January and February 1st. Generally hoar frost is caused by the 
cooling of the ground below the temperature of the air by radiation. In this case 
the relatively low temperature of the ground was evidently occasioned by the slow- 
ness with which the earth, cooled by a long frost, became affected by the thaw then 
prevailing. This hoar frost differed also from others in the situations in which it 
was found, being scarcely less abundant on the roadways, pavements, and gravel- 
walks than on the grass. The roads were so white as to give the impression of a 
thin covering of snow. It was also deposited thickly on the perpendicular faces of 
walls. Another point noticed was its persistence during the day, notwithstanding 
maximum temperatures of 43" and 48"*. The crystals were remarkable for their scale- 
like form. 

Croll, James. 

{Page 621.) But for the sea there would probably be no aqueous vapour, and 
consequently nothing to protect the earth from losing its heat by radiation. The 
surface of the ground would then fall to the temperature of steUar space if deprived 
{Page 522) of solar heat. The lowering of the temperature tends to diminish the 
amount of aqueous vapour contained in the air, and this in its turn tends to lover 
the temperature by aUowing of freer radiation into space. 

Croll, James. 

{Page 191.) The reason why snow at great elevations does not melt is owing to the 
fact that the heat received from the sun is thrown off into stellar space so rapidly by 
radiation and reflection that the sun fails to raise the temperature to the melting 
point. At low elevations where the snowfall is probably greater and the amount of 
heat less than at the sunmiits, the snow melts and disappears. This is probably due 
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to the influence of aqueous vapour. At high elevations the air is dry, and allows 
the heat radiated from the snow to pass into space ; but at low elevations a very 
considerable amount of the heat radiated from the snow is absorbed in passing 
through the air into space. A considerable portion of this intercepted heat is 
radiated back into the snow, and being of the same quality as that which the snow 
itself radiates, is on this account absorbed by the snow. This heat accumulates in 
the snow till melting takes place. Were the amount of aqueous vapour possessed 
by the atmosphere sufficiently diminished, perpetual snow would cover our globe 
down to the sea shore. The air is warmer at the lower level than the higher, 
mainly owing to the influence of aqueous vapour ; were this reduced the difierence 
would not be so great. The lower descent of the snow-line on the south side of the 
Himalayas, and on the east side of the Andes, which are the moister sides, is owing 
to the fact that the snow-fall is much greater on the moister side. Other things 
equal the snow would melt at a higher elevation on the moist than on the dry side. 
The dryness of the air will, in a great measure, account for the present accumulation 
of snow and ice on Greenland and on the Antarctic continent. These regions are 
covered with snow because the quantity melted is small, and this is owing to its 
being prevented from rising to the melting point, owing to the dryness of the air. 
{Page 192) In places like Fuego and South Georgia, perennial snow and ice are 
caused by the sun*8 heat being cut off by clouds and dense fogs. The upper surface 
of the clouds reflects the sun's rays into stellar space, while one-half of the heat 
which they do absorb is radiated upwards ; the other half which reaches the ground 
is insufficient to clear off the winter's accumulation. 

Dines, G. Symont^s Meteorol, Mag., voL xiv, {rsp,) 

[No. for January.] 

(Page 191.) From observations with the microscope on slightly cooled brass 
Borfaces during fogs or mists, I conclude that a good deal of the moisture occurring 
on surfaces is really a very fine rain, and that the annual deposit of real dew upon 
the surface of the earth does not exceed one inch. Can any correspondent give a 
definition of dry fogs 1 Are they caused by smoke, by some combination of the 
temperature of the air with vapour, or do they only differ in degree from other 
fogs. 

I«eyy Bev. W. C. Aids to the Study and Forecatt of Weather, 1880. (rv.) 

{Page 3.) The points of cirri frequently point downwards, especially in dry 
weather. When increasing, these clouds form an interlacing network or sheet of 
filmy ice-mist, which is often seen over one side of the sky, while the other remains 
{Page 4) temporarily clear. True cirro-cumulus at the highest level often 
accompanies dry and warm weather. The more massive cloud-forms commonly 
degenerate into the stratiform descriptions soon after sunset. A peculiar modifica- 
tion of stratus is common under certain conditions. It arranges itself in parallel, 
but ill-defined, bars transverse to the meridian, which often coalesce so as to over- 
spread the sky. It only occurs with a somewhat tranquil atmosphere, and rarely 
with a very high or extremely low temperature, and it may be further distinguished 
by its uniformly sober tints, in which a bluish-grey predominates. It may be 
distinguished as ' dry weather stratus.' Cumuli may be regarded as a sign of great 
{Page 6) cold in the region above them. Fine weather cumulus has a moderate 
elevation, and a well-defined rounded surface. Its formation and dissipation is 
governed greatly by the temperature of the day, the cloud frequently beginning to 
show itself soon after sunrise, increasing till the hottest part of the day, then 
gradually diminishing, and eventually disappearing about sunset. This form of 
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cumulus is oomparatiyely unoommon over the suifaoe of the sea in oar latitodeii 
and it may often be seen from a great difltance, marking the position of a ooaatHne 
or even of small islands. Showery weather cumulus is remarkable for the npidily 
of its formation and disappearance, and for the readiness it displays to pan into 
other cloud forms. Large and well-developed cumuli are usually called thnnder- 
clouds, from their prevalence in periods of electrical diBturbanoe ; but it is worthy 
of observation that electrical discharges never appear to take place in any foim of 
cloud until its summit has begun to spread outwards or upwards in a more or 1m 
cirrif orm shape, and has exchanged its hard for a soft outline. When cumuloi Im 
thus attained a great size it becomes a shower-cloud. In this state it is commonlj 
called nimbus, a term applied to this kind of cloud, as abo to the extensive compoots 
cloud-banks, and, indeed, to all forms of rain-cloud. Here the term nimbus wiD be 
restricted to the great banks of composite rain-doud. Other descriptions of ckradi 
have similar modifications to the pocky form of cumulus. Thus cirro-strttas not 
imfrequently exhibits pendulous banks or wreaths on its under-surface when the 
temperature of the lower region of the atmosphere is falling, and a colder wind ii -^ 
setting in beneath. Detached fragments of cumulus, particularly when near the 
earth, are often as irregular in contour 09 their lower surface as on their upper 
{Page 6) surfaces. Unusual clearness of the atmosphere is commonly taken ae a 
token of impending rain or storm. Now, the removal of the dust particles with 
which the atmosphere, in settled, and therefore somewhat calm and diy weather, ii 
much charged, is an early indication that either condensation of vapour, or rapid 
movements of air, or both, has begun to occur in regions immediately to the 
windward of the observer, and consequently that the latter is nearly within a system 
(Page 7) of atmospheric disturbance. It is commonly said that a rosy sky at saneet 
presages fine weather. This generalization will fail if taken as a rule ; but if we 
take pains to draw an inference as to the distribution of aqueous vapour in the 
atmosphere from the colour of the sky, we shall find that the latter frequently 
furnishes us with information which may be employed as subsidiary to our 
principles, with much practical utility. The redness of the sun when near the 
horizon is due to diffraction. Particles suspended in the air, whether dust, smoke, 
or very minute globules of water, give a red colour to transmitted light. This is 
the reason why in large towns the sun, both rising and setting, nearly always 
appears red. In the country the red colour which the rays acquire in passing 
through a long stratum of air is probably, in large measure, due to water globules 
forming an extremely fine mist. At sunset, after the evaporation which has taken 
place during the day, these globules are usually present in large quantity at the 
time when the air is rapidly becoming cooler, and the sun, therefore, usually appears 
somewhat red. During the further cooling which occurs in the night, many of the 
particles are commonly deposited in dew, fewer remain suspended in the air, and 
the rising sun is therefore less usually red. A red sunrise indicates that after this 
precipitation the atmosphere still contains a large quantity of water-particles which, 
after the evaporation about to occur in the next few hours, is likely to form rain- 
clouds. A grey sky in the evening is commonly caused by the presence of an 
amount of cloud in the west, which is sufficient to stop the direct rays of the son, 
and to allow nothing but diffused light to pass. The behaviour of seoondaiy 
{Page 25) barometric depressions after they have reached the front of an advancing 
cyclone, seems to be ordinarly determined by the general atmospheric conditions of the 
district into which they have thus penetrated. If the barometric pressures in front 
are generally high, and the atmosphere dry, they become filled up, and 'disappear. 
{Page 26) If, on the other hand, the conditions are less favourable to their ulterior 
development, they commonly advance as independent cyclonic systems. It is 
{Page 27) probable that an ascending current of atmosphere occurs in the cyclonic 
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oboenratioiiB, and that this ascending current originates in the simultaneous con- 
densation of water- vapour over an extensive area. The district in which this 
condensation is most active occupies the point of the cyclone. A little consideration 
will show that over the north temperate zone, it is on the eastern side of a cyclone 
that this condition will in ordinary cases occur, since it is on this side that we have 
southerly winds, while these winds, in moving from warm to colder regions, ex- 
perience a diminution in their capacity for holding aqueous vapour. A cyclone 
must, therefore, be regarded as an eddy of spirally ascending air, which eddy is 
being constantly reproduced on one side of its original position. An anti-cyclone, 
on the other hand, represents the position of a downward movement of the air, 
which has lost the greater part of the water vapour in previous cyclonic circulations. 
In the districts, therefore, near the central calm of an anti-cyclone, the currents 
take up, instead of precipitating, vapour. This explains why there is no principle 
of progressive development in an anti-cyclone, and why the cyclones, in their 
onward course, are not drawn towards the centres of the anti-cyclones, but skirt 
(Page 28) round the extreme exterior of the latter, for it is only the exterior 
currents of the anti-cyclones which have taken up sufficient water vapour to 
m a in ta i n the cyclonic disturbances. The same hypothesis accounts for the ex- 
ceptional fact, already noticed, that in our region of the globe, a cyclone on the 
southern side of an anti-cyclone rarely moves westward, since in this instance the 
surface winds drawn into the cyclone from the anti-cyclone have nut only been 
descending currents, but have also come from higher latitudes, and are there- 
fore especially cold and dry. The tendency of the cyclones to skirt coast-lines 
rather than to travel towards inland districts is probably, in some measure, due to 
the fact that the vapour on which their maintenance depends is drawn principally 
brojsk the seas. A secondary depression, according to this hypothesis, has its origin 
in a somewhat local nimbus, or in a local intensification of the general nimbus, and 
its in-flowing and ascending current is only an imperfect spiraL Again, the san.e 
hypothesis throws some light on the tendency which the cyclonic systems exhibit 
to run in a series — a fact which is difficult to explain, if a cyclone is regarded 
simply as a revolving disc. When the atmosphere over an extensive district of the 
globe, say over a portion of the North Atlantic to the westward of our islands, is 
much charged with water-vapour, the formation of a large nimbus is sufficient to 
originate a cyclonic system, but a considerable portion of the atmosphere which is 
drawn into the circulation never reaches the front of the cyclone at all, being left 
behind, as the cyclone is rapidly developed over another part of the earth's surface ; 
this part of the atmosphere, therefore, falls calm before it has parted with its 
aqueous vapour, and is in the condition favourable for the propagation of another 
system. Other and converging lines of evidence in favour of this theory of cyclone 
and anti-cyclone may be drawn from the behaviour of these phenomena in other 
parts of i^e world, but the whole subject may be dismissed with one important 
observation, that neither the dampness of the atmosphere, as measured by the 
hygrometer, nor the amount of water collected in a rain-gauge, affords an adequate 
measure of the amount of cyclonic disturbance which attends a nimbus. Tlio 
former instrument tells us nothing of the humidity of the atmosphere in general 
(Po^e 29), and the latter tells us nothing of the thickness of the atmosphere from 
which the water has been drawn. It is not surprising, therefore, that some of our 
shallowest cyclones are accompanied by as heavy and general a rain as the deeper 
systems, especially when it is observed that during sluggish circulations at the 
earth's surface rapid currents often exist in the higher cloud regions. An objection 
to the condensation theory of cyclones is occasionally drawn from the fact that, in 
lome cases, both heavy and extensive rainfall is found to occur in the immediate 
rear of a centre of depression, when travelling eastwards. This may arise from the 
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inclination of the axis of the cyclone, from which it will occasionally happen that 
over the wind which blows in the rear of a depression, currents flow in nearly an 
opposite direction to that wind. These latter currents consequently precipitate 
their water through the lower stratum of relatively dry air ; the condensation being 
due to the fact that they are chilled not only by travelling from lower into higher 
latitudes, but by contact of their under-surfaces with air which is simultaneously 
{Page 30) travelling from still higher latitudes. In the front of a large depression 
(Page 31) at its extreme exterior there commonly stretches a great bank of cirro- 
stratus. The outside edge of the bank is pretty definite, and its outline in most 
cases is in rough correspondence with the contour of the advancing isobara. 
The movement of the upper current which carries the outlying parts of thii 
elevated cloud-bank is often nearly tangential to the edge of the cloud-bank, 
and nearly opposite to the direction of the wind, which is presently about 
to spring up at the earth's surface, and in nearly all cases it makes a greater 
angle than 90^ with this wind. As the sheet extends over us the upper current 
backs very quickly, and continues to do so over the whole of the front half of the 
advancing system. As the centre advances towards us we commonly observe 
Composite cloud (nimbus), the rain or snow being accompanied by the new current 
of air belonging to the depression. This cloud bank extends in most instances 
nearly over the whole front half of the system, both on the right hand and left hand 
of the centre's path ; but its character differs very considerably on the two sides. 
If the centre is passing so as to leave our station on its right, the nimbus usually 
continues until the centre has almost reached its nearest point to us. Then usuaUy, 
after a sudden precipitation, the sky clears, the cirro-stratus terminating in an upright 
line, while the wind at the earth's surface begins to veer. The appearance of the 
sky in the rear of the disturbance, but still on the right side of the centre's course, 
is usually very unlike that in the front. Comparatively few upper clouds are 
observed, and the movement of these is commonly observed to be nearly the same 
with that of the current on the earth's surface. In lieu of cirro-stratus we see 
fleecy cumulus. Shower-clouds are also common over this district. These latter, 
in summer, especially in our more inland regions, often take the form of local 
thunderstorms. In winter, passing squalls of rain, snow, and hail are common- It 
should be remarked that these showers in the rear of a depression are far more 
extensive and persistent on exposed coasts and in hilly districts than in inland and 
more level countries. The atmosphere in tliis part of the disturbance is in most cases 
(Page 32) clearer or more devoid of haze than in the front. Suppose the barometric 
minimum leaves the station to the left of its course. Here the nimbus extends over 
IIS, and the wind after springing up commences to back, and continues to do so 
throughout the passage of the disturbance. On this side we rarely experience an 
abrupt change from a rainy to a clear sky. As the centre passes the higher cloud- 
forms degenerate into banks of dreary stratus, often attended with an increase 
rather than a diminution of haze. As the rear of the system approaches us on this 
side the bolder forms of cumulus are rarely seen, and in place of shower-clouds we 
commonly notice gloomy-looking banks of condensed vapour in the middle and 
lower levels of the atmosphere, while cirrus has usually almost or altogether 
disappeared. In the actual centre of a large depression the sky is often com- 
paratively clear. Shower-clouds are frequently visible, but these haj^e usually here 
a thin and disintegrated aspect, while cumulus tends to spread itself into strains, 
and cirrus lies in broken, though watery-looking patches. The above description 
cannot be applied without considerable modifications to the smaller or more local 
systems. These latter are commonly characterized by a more unbroken doud-bank, 
gloomy skies (often with rain or snow) prevailing over the central calm, and even 
to some extent over the extreme rear of the system. The secondaries are especially 
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marked in moet cases by very copious precipitation. In summer local depressions, 
especially if they are secondaries travelling northwards, are usually associated with 
heavy thunderstorms. In the front of these last-mentioned systems the cirro-stratus 
is commonly accompanied, and sometimes almost replaced, by the turreted stratus. 
{Page 33) In summer brilliant weather usually accompanies anti-cyclones, the dry air 
permitting the sun's rays to have full power. In the central districts particularly, 
the sky is often nearly or totally devoid of cloud ; at other times light fleecy ciniis, 
whose motion is extremely slow, is the principal cloud visible. Near the exterior 
of the system, and especially on its eastern and south-eastern sides, stratus and 
tine weather cumulus, often accompanied by haze, are the prevailing cloud-forms. 
At the extreme western and northern borders cirro-cumulus and cirrus are very 
common beneath which there is fog, occasionally at the sea coast, but rarely at the 
inland stations. Near the south-western limit of a large and weU-formed summer 
anti-cyclone remarkably cloudless weather often prevails. In winter the aspect of 
the sky is different. Dry-weather stratus is now the most common form of cloud, 
occasionally covering nearly the whole of the anti-cyclonic system with an unbroken 
canopy, the perpendicular thickness of which is very small, though its extent is so 
immense. Above this, in the higher regions of the atmosphere, there is, in such 
instances, a remarkable absence of cloud ; while beneath it dense ground-fogs very 
commonly prevail at the inland stations. In some cases, however, the sky is almost 
devoid of cloud, or the ground-fog alone prevails. Near the extremity of the 
system the atmospheric currents usually break up, to a great extent, the canopy of 
cloud and land-fog. On the eastern and south-eastern limits of the system the 
appearance of the clouds is often very similar to that which prevails in the same 
district of an anti-cyclone in the summer ; but banks of the dry stratus are even 
here more common than true cumulus. Occasionally, hoWever, we experience, as 
in summer, an exceedingly clear sky on the south-western side of a large anti. 
cyclone, which in winter is accompanied by intense frost. It may be said generally 
that the occurrence in any marked degree of the form of cloud which has been 
distinguished as dry- weather stratus is commonly an indication of an anti-cyclonic 
movement of the air, and a thoroughly well-trained cloud observer can, in many 
instances, teU by a glance at the sky whether the wind at his station is anti-cyclonic 
or cyclonic in character. The following are examples of forecasts based on records 
of actual conditions : — 1. Winter. In the rear right hand of a depression traveUing 
to E. or N.E. Barometers moderately low, rising rapidly ; brisk or moderate N. W. 
wind ; clear sky between passing showers ; very transparent atmosphere. No 
tendency to the formation of banks of stratus ; little or no cirrus. As depressions 
commonly foUow each other in a series, and as the direction taken by the last, as 
well as the absence of the more anti-cyclonic forms of clouds indicates the absence 
of any distinct anti-cyclone in the west, we expect the N.W. current shortly to fall 
calm, and to be followed by a fresh bank of cirro-stratus, decline of pressure, wind 
and rain. 2. Winter. After a day of chilly N. or N.W. winds, depression in the 
N.E., taking a S.E. course. Wind W. or W.S.W., brisk or moderate ; atmosphere 
mild ; barometer about the mean or below it, falling rapidly ; cloudy, with flying 
scud, rough-looking composite cloud-bank, or dense cirro-stratus. The rapid 
decrease of pressure, in conjunction with the aspect of the sky, and with the 
previons weather, makes it probable that the right-hand segments of a cyclonic 
circulation travelling S.E. is about to pass over the station ; N.W. to N. or even 
N.N.E. gale is, therefore, to be apprehended, with a great fall of temperature, and 
brisk recovery of pressure. 3. Summer. After moderately dry weather with westerly 
winds, and barometer about or rather above the mean (northern limit of an anti- 
cyclone). Barometer about the mean, and steady, or falling but little ; wind S.W. 
or W.S.W,, moderate or light ; overcast, with much low cloud ; temperature about. 
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or a littlft above the mean, for the season. The right-hand portion of a depression 
taking a N.E. direction is probably passing over the station ; no rain, or but slight 
(Page 35) drizzling showers, may be expected ; the wind will most probably veer a 
little shortly, with a clear sky. 4. Winter. ETtreme rear right hand of a large 
depression going E. or N.E. Calm, clear, and cold ; N.W. wind having died down, 
and cumuli and shower-clouds disappeared quickly ; sheet of cirro-stratus on S. 
horizon, edge travelling from W. or S.W. ; barometer below mean, rising, but rise 
checked somewhat. If the new cirrus-bank had appeared farther in the W. , and its 
edge had moved from a more northerly point, the fresh depression which is probably 
approaching might have been expected to follow nearly in the wake of the previous 
system. As it is, however, there is risk of its centre passing on the S. side of the 
observer, causing a temporary easterly wind, perhaps gale on exposed coasts, with 
overcast skies, aijd probably some sleet or snow. 5. Winter. After light winds and 
dull weather. Barometer much above mean ; totally overcast with low, tranquil 
stratus, and nearly calm. As this is the central portion of an anti-cyclone no 
immediate change can be anticipated. 6. Summer. Barometer near its mean, but 
falling somewhat ; E. or N. breeze ; turreted stratus above, with some cirrus 
travelling rather briskly from a southerly point. A shallow depression is probably 
about to pass northerly over the station ; thunder and rain may be anticipated, 
followed by a light wind from some westerly point. 7. Summer. After westerly 
winds, with temperature and pressure near the mean. Decided rise of barometer, 
and very high temperature ; extremely clear and brilliant sky, with very few, 
and those only very low, soft clouds. Very light W. or N.W. breeze. The 
central part of an anti -cyclone moving slowly N.E. is likely to paas over the 
station. A further increase of temperature may be expected, followed probably 
by bright and hot easterly winds. 8. Winter. Extreme rear of depression moving 
to S.E. Steady rise of barometer; wind veering from N.W. to N.N.E. ; hazy, 
with some dry-looking broken stratus, and no cirrus. An anti-cyclonic system 
may be surmised to exist over the W. or N.W. Fine and cold, though cloudy 
weather, may, therefore, bo expected, with light winds. 9. Winter. After a period 
of disturbed weather, with cyclonic disturbances going easterly. Barometer about, 
or rather above the mean, scarcely falling ; continuous calm for some hours, with 
persistent and rather heavy rain. The observer seems to be near the centre of a 
very shallow depression, whose course is not distinctly towards E. or N.E. There 
is, therefore, a probability that anti-cyclonic currents are forming in the N. 
Much drier weather with a high barometer may consequently be, with some 
probability, anticipated. 

Ley, W. Clement. 

(Page 207.) Professor Pody was one of the first to appreciate the importance of 
the terminology of clouds being based on the physical conditions to which the 
varieties are related ; but we know so little of these physical conditions that no 
(Page 210) satisfactory classification can be thus formed. That two distinct beds of 
clouds — the one at a high and the other at a low level — frequently exist when rain , 
is falling, there is abundant evidence to show ; and perhaps this is especially the : 
case during extensive intra- tropical rains. But observers are at least equally agreed .j 
as to the fact .that a bed of cirrus may co-exist with a layer of low clouds, either | 
with or without one or more intermediate layers, without the occurrence of rain or 
sno^. And it is equally certain that the majority of passing showers are produced 
in a single mass of clouds, not necessarily, and perhaps never, homogeneous in 
structure in the portions near the earth, and in those which extend into the higher 
regions of the atmosphere, but certainly not divided into two ocularly distinguish- 
able strata. 
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Parfltt, Edward. 
(Page 324.) Professor Sayce states that the Accadians supposed all kinds of 
asteonomical phenomena to have an influence upon the clouds. 

Bolleston, George. Joum. Ray. G€X>g. Soc., vol. xllx. (1880) {rsp.) 

(Page 320.) Robert Rawlinson, in a lecture on Meteorology delivered in 
November 1868, said that evaporation has only an indirect and incidental reference 
to the land, its real dei>endence being in the great ocean and still greater sun. The 
powers of man can never seriously modify cloud in reference to the world at large. 
(Page 348) Professor Koch, following Ebermayer, says a great deal has been 
written on the evaporation of plants, of which much is intrinsically self -contradic- 
tory. Unger says water gives off three times as much vapour as a tree ( ? surface 
for surface) ; Schleiden that the tree gives off thrice as much as water. Koch says 
such observations and results are of no scientific value ; but I consider they are 
valuable as they are reducible to weight and measure ; and also that they have a 
distinctly appreciable practical value and applicability. Professor Wellington 
(Page 349) Gray tells us that 3,000 square metres of cabbage leaves will give off as 
much as a pint of water per diem. It may be objected that the rate of evaporation 
observed in an isolated mass of leaves or in a single isolated tree does not give us a 
measure of the rate at which the same process will go on in a wood when the ex- 
posed and evaporating surface is relatively so much smaller ; and this difiiculty, 
which lies in the geometrical nature of the case, may account for the great discre- 
pancies in the estimates which various writers have given of the amount of watery 
vapour given off by masses of wood. Pfaff gives 120 kilogrammes as the entire 
amount evaporated by an oak with 70,000 leaves, each of a square surface of 2,326 
millimetres during the period from May 18th to October 24th. Yaillant gives the 
amount of watery vapour given off by an oak of 21 mMres height, and 2*63 metres 
girth at a height of 1 m^tre above the ground, as 2,000 kilogrammes on a fine day. 
Hartig calculates that a German morgen ( =: 2*3895 acres), carrying a thousand trees of 
nine different sorts of conifers and broad-leaved trees of twenty gears' planting, 
exhale daily during the period of vegetation at least 3,000 lb. weight of water. 
Professor Prestwich (Water-beari'ng Strata, 1861 p. 118), gives as an estimate for tJie 
amount of watery vapour given off by leaves of a tree of average size 2} gallons per 
diem. Lawes, in Joum. HorL Soc.f vol. v. (1868), states that three plants of wheat 
or barley gave off 1^ gallons, 260 grains of water for every grain of solid residuum 
in the adult plant. Hellriegel gives as his estimate that for the production of 1 lb. 
of dry barleycorns, 700 lbs. of water, inclusive of the water evaporated from the 
aoil, are all that is necessary, and that other cerealia have their demands limited 
within somewhat similar proportions. It must, however, be allowed that the cases 
{Page 350) of the drying ug of springs as a consequence of cutting down trees are 
more numerous and better established than the increase of springs by this operation. 
The explanation of this apparently self-antagonizing or capricious operation of the 
lame primary cause is not far to seek. When a tree is cut down the area once 
protected by its leaves is exposed to the uncounteracted action of the summer sun, 
and rainfall may run off it when hardened, just as it runs off an imperfectly thawed 
surface in the spring, or it may sink away underground by fissures caused by the 
exposure, and under favourable conditions may give rise to a lake. Generally, one 
or more of the conditions favourable for this are wanting, and then the diminution 
of wood goes hand in hand with the diminution of water. Viollet le Due notices 
the marked influence of forest destruction in bringing about a diminution of gHusiers 
{.Page 351), but is unable to say what the connection is. I think the loss of the 
trees as evaporating agencies is the true cause of the diminution. The cerealia, with 
their deep roots, are quantitatively pre-eminent for the amount of aqueous vapour 
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they give off. An area of wood miiBt give off much more vapour than an area of 
glacier, and would, by the vapour it set free into the atmosphere, save the glacier 
from wasting. In mountains the influence of forests in increasing rainfall may 
count for something considerable, whilst in the plains, howsoever well wooded, 
trees can act only, as do other good radiators, in the way of precipitating, not wind- 
borne, moving vapour, but simply dew. Any one may observe in a moontainooi 
district how — 

• The swimming vapour slopes athwart the glen. 
Puts forth an arm, and creeps from pine to pine, 
And loiters slowly drawn.' 

Tentit80»: (Enone. 

The term * Rauchen der Walder ' is used for the smouldering of the clouds amongst 
trees. In a lowland or other country frost hangs on such a tree as the birch long 
{Page 353) before it has begun to whiten the ground round it. What is the aouroe 
of the larger amount of vaptour above pines than broad-leaved trees ? Does it 
oome from the soil ; is it the result of evaporation from the leaves ; or is it due in , 
the conifersd to the action of thousands of points which the whorls of their leaves 
develop every year ? This is a complex question which the present data do not 
enable us ^o answer. It is clear the transpiration of the leaves cannot by itself pro- 
duce this phenomenon, since the transpiration in conifers is less active than it ia 
in broad-leaved trees. It follows, then, that if the vapour of water dissolved in such 
great abundance in the atmosphere enveloping the pines was the result of the 
evaporation of the trees, this phenomenon ought to be much more striking over the 
mass made up by the broad-leaved trees than in that made up by the coniferae, 
whilst observation shows that exactly the contrary is the actual fact. We mast, 
therefore, ascribe to the soil and to other unknown causes this remarkable property 
which pines have of attracting watery vapour. If it had appeared from M. Fautrat's 
tables that this excess of watery vapour was more marked in rainy than in dry 
times, it would have been easy to explain the fact by figuring to ourselves, the all but 
infinite area which the fine films of water clothing every needle-shaped leaf of a 
coniferous tree would make up and offer for evaporation. For the leaves of our 
common coniferae wet readily ; and it is owing to this property I apprehend that 
they intercept as much as one-half the rain which falls upon them before it reaches 
(Page 354) the ground, wliilst broad-leaved trees intercept but one-third. But, as 
it appears the coniferse possess the hygrometric advantage independently of the 
rainfall, the phenomenon does require some additional information, and may per- 
haps find it in the theory of the cause of rain proposed by J. A. Rowell in 1839 — viz., 
that electricity increases the buoyancy of aqueous vapour particles. A good con- 
ductor would cause rain or dew or mist by drawing off the electricity from the 
particles ; the pointed pine-leaves would very much favour the action. 

Smyth, Fiazzi. (See Biby.) 

{Page 194.) Angstrom showed that some of the dark lines at the red end of the 
sky-spectrum were due to watery vapour. He has found that these lines increase 
in darkness according to the quantity of vapour present in the atmosphere. This 
(Page 195) band precedes D. A sudden darkening in it denotes a large amount of 
extra moisture, which is likely to be deposited in rain. The spectroscope is then a 
ready means for detecting rapid changes in the ^amount of aqueous vapour in the 
air. This can be done with the smallest spectroscope. With larger ones the group 
called * little a, and its preliminary band,* with its myriads of black lines, forms a 
still more powerful rain -band. 

426 



AQXTEOnS VAPOUR 1880. Tait NOTE 

Tait, {QoeBihy,) 

{Page 340.) Seen from a distance, the mass of cloud belonging to a thunderstorm 
usually presents a most peculiar appearance, quite unlike any other form of cloud. 
It seems to boil up from below, and to extend through miles of vertical height. The 
estimated height, at its lower surface, above the ground varies .within very wide 
limits. Saussure has seen it as much as three miles, and in one case noticed by 
De risle it may have been as much as five. On the other hand, at Pondicherry and 
(Page 438) Mandli it is scarcely ever more than half a mile. Ordinary auroras are 
thought to be due to the condensation of aqueous vapour in far less quantity, but 
through far greater spaces, than the quantities and spaces involved in thunder- 
storms. 

Woeikofr, A. (SeeB%.) 

{Page 250.) I think I have proved that, as to what we call the temperature 
of the air (really that of the lowest stratum), it is, on the equator and a few 
degrees north and south of it, far more influenced by the yearly distribution 
of clouds and rain than by the amount of heat received from the sun. The 
result would be different if we knew the temperature of the whole stratum of 
air. The heating of the whole surface of the clouds by the sun, and especially 
the heat liberated by the condensation of water, must give to the higher strata 
a superior temperature than that they had in the dry season ; in other words, the 
decrease of temperature with elevation is much slower where the sky is cloudy 
and rain is abundant in the greater part of the year ; so that in such regions 
the temperature of the whole air may be higher than in drier climates. I consider 
water to be the only direct cause of the mildness and uniformity of equatorial 
temperatures, and this in three ways : (1) By the great heat capacity of water ; 
(2) by the clouds which interpose a screen between the sun and the surface of the 
earth ; and (3) by the evaporation of rain-water by the soil and plants. The two 
latter are especially powerful on the land, even very far from the sea. If it was 
not for the clouds and evaporation huw could we explain, for example, the absence of 
great heat (hottest month 78*6°) at Iquitos on the Amazon in 4*^ S., and more than 
1,000 miles from the Atlantic ? Where the sky is clear and humidity and rain 
deficient very high temperatures of the air are attained even at great distances 
from the equator (10° to 30"), notwithstanding the prevalence of winds from colder 
regions. 

If atiire. (See Biby.) 

(Page 220.) Acad. ScL, Paris, December 15th, 1879. On the influence of rain 
currents traversing them, and the affinity of pines for vapours, by M. Fautrat. On 
an average the weight of aqueous vapours contained in 1 cubic metre above pines is 
8'66 grammes, and on bare ground at the same height 7*39 grammes, showing 1*27 
grammes in favour of the pines. Above leafy trees the corresponding numbers are 
8'46 grammes and 8*04 grammes ; difference in favour of leafy trees 42 grammes. 

Ifature. {Soe Biby.) 

{Page 355.) There are fogs and fogs— from the one extreme of the dry fog of 
continental meteorologists which merely blur the sky with a bluish-tinted mist and 
shears the sun of its brilliancy as it nears the horizon, so that the eye can look on 
its disc undisturbed, to the other extreme of our London fogs. Fogs appear under 
{Page 356) widely different conditions. The last touch in the character of fogs is 
contributed by smoke, as explained by Sir John Herschel, whereby each particle of 
soot, acting as as insulated radiant, collects dew on itself, and sinks rapidly through 
the fog as a heavy body, thus giving to London fogs their yeUow, thick consistency, 
and the suffocating and unwholesome sensation experienced in breathing them. 
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Nature. Oee £i6y.) 

{Page d6a) MeteoroL Soc., January 2l8t, Report The great local difforenoei 
in humidity require to be more accurately ascertained than they are at present, not 
only at seaside places, but in inland districts in their relation to hills and ▼alleys* 
The council have decided to establish a third set of stations, to be called climato- 
logical, at which obsenrations of humidity, clouds, etc., are taken daily at 9 ajc. 
0. Greaves advocated a more attentive inquiiy into the subject of hygrometry. The 
appearance and disappearance of vapour, its diffusion, its origin in and withdrawsl 
from the vapourous forms, were matters which could now be readily defined through 
(Po^e 603) the increased supply of good observations. Loomis finds that stonns 
advancing from the Rocky Mountains to the Atlantic pass from a drier to a mors 
humid atmosphere ; whereas in Europe those going east pass from a humid to 
a drier atmosphere. 

Nature. (See B%.) 

{Page 594.) Loomis finds that dry air, even when greatly heated, lias but litUe 
ascensional force, and that the violent uprising of heated air so frequently witnessed 
in moist climates is mainly due to the laiy^e amount of aqueous vapour with which 
it is charged. Buchan {Jowm, Scot, MeteoroL Soc) remarks that the maximmn 
daily period of the summer thunderstorms in Scotland coincides with the hour when 
the ascending columns of heated air from the earth's surface are in full activity, and 
the result is, no doubt, largely due to the circumstance that these ascending masses 
of heated air develop a charge of electricity as their moisture condenses into doud. 
The period of maximum frequency of the winter thunderstorm occurs some hours 
before and some hours after midnight, or during those hours of the day when the 
vapour-laden wind of the Atlantic approaches to and reaches its diurnal maTimum 
temperature, and when, consequently, the condensation of the vapour may be expected 
to reach its daily maximum. 

Nattire. {Bee Biby.) 

(Page 48.) Acad. Sci., Paris, November 2nd. Faye says that in paroxysmal 
eruptions the enormous amount of steam ejected causes volcanic thunderstorms. 
(Page 96) MeteoroL Soo., November 17th. * Table of Relative Humidity,* by 
{Page 204) Edward F. Dymond. — Lister's experiments show that a single drop of 
rain develops organisms in sensitive solutions wliich would otherwise have remained 
unaltered. Hence germ-producing matter, or the germs themselves, form at least a 
part of the cloud- and fog-producing dust. 

f Symont'i Meteorol, Mag.t voL xv. 

[No. for February.] 

(Page 2.) Signer Gapello finds that the mean of the rain gauges on a tower seventy- 
five feet high, one on the windward, and the other on the leeward side, is almost 
the same as that collected by a gauge in an open space five feet above the ground. 
He concludes that the difference between the higher and lower gauges depends on 
the force and direction of the wind. 

(Page 3.) Prof. Poey first suggested his new classification of clouds at a meeting 
of the Acad, des ScL at Paris, in 1863 ; a fuller paper was read before the 
MeteoroL Soc. of France, translated into Spanish, and published in Mexico, 
then developed and printed in English in two or three publications in the United 
States. It then appeared in the Report of the Smithsonian Institution for 1870, 
under the title of *New Classification of Clouds.' Two years after it was further 
developed and published in the Antuxles Hydrographiq%ies with the title * Nouvelle 
Classification des Nuages,' and now it appears as * Comment on observe les 
Nuages.' 
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[No. for March.] 

{Page 19.) At the Australian Meteorological Conference in November 1879, 
it was proposed that the mean humidity curve be derived from the means of maxi- 
mum and minimum of wet and dry bulb thermometers. In this country [= England] 
maximum and mininum wet bulbs are scarcely ever used, because the maximum 
of the dry bulb and of the wet bulb not being necessarily synchronous, the difference 
between them is not always, if indeed, often a true indication of the actual 
(Page 20) difference between the dry and wet at any given instant, and the same 
argument applies to the minimum. In the absence of self-recording dry and wet 
thermometers we should have preferred to take the mean qf the humidity at 3 a.m., 
9 A.M., 3 P.M., and 9 p.m., obtaining the former from one of Nigretti's turnover 
hygrometers. 

The Conference resolved to consider and report on observations to determine the 
differt;nce in humidity by self -registering maximum and minimum thermometers, 
and by other methods ; and as to the best method uf determining spontaneous evapo- 
ration. 

[No. for April.] 

(Page 40.) M. Masure read a paper at the Easter meeting of scientific men at 
the Sorbonne in 1880, entitled, * Observations on the Evaporation of Water, and 
on the Transpiration of Plants.' He remarked that even when air was damp (say 
khe humidity not above 80) moistiu^ is often deposited on the earth, that the 
x>nsamption of water by plants is not wholly due to evaporation from their leaves ; 
that the true amount of evaporation is at present badly determined, but that [it] 
is really merely a question of the interchange of vapour between the clouds and the 
earth, dependent on their respective temperatures. This view the author developed 
in a formula, by which he said that the amount of evaporation could be computed 
from ordinary meteorological readings. The velocity of the wind is not included 
in the formula. 

[No. for May.] 

(Pa^es 49-51. ) [Gives criticisms on the skies depicted in pictures at the Salon, 
Paris, and Royal Academy, London. Xhe artists' names are intentionally not given, 
the pictures being indicated by numbers and title. The criticisms seem to give 
Tery little meteorological information, and to relate* rather to artistic success or 
failure in depicting skies and clouds. Hence the notes are here considered to belong 
to Art and not to Climate.] 

[No. for December.] 

(Page 160.) If water, or matter containing water, be warmer than the dew- 
>oint of air resting upon it, the water will evaporate ; and if the air be colder than 
he water the vapour in the air may become saturated with invisible vapour, and 
nay, in addition, contain globules of water too minute for their weight to cause 
hem to fall to the earth as rain, and which globules, breaking up the transparency 
i the atmosphere, produce what is called mist or fug. Similarly, but inversely, if 
rarm saturated air passes over ground which is much colder than itself, its capacity 
Page 102) for retaining, in an invisible form, all the water in it is lessened by its 
•wn loss of heat, and the water which it cannot hold invisibly changes into the 
;lobular form, and so again we have the transparency of the air destroyed. This 
econd explanation carries with it the identity of cloud and fog, and accords with 
he cloud formation known as ' pennants ' from many isolated mountain peaks, 
nd with the ' table-cloth * of the Cape of good Hope. So much for fogs in general, 
he damp white normal fog of all parts of the world where fogs exist at all. 
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1881. 
Aitken, John.. {Bee Biby,) 
{Page 312). Mr. RusselPs difficulty with regard to fogs in large towns is due to 
his not taking into account the amount of vapour in the air. The atmospheres of 
the towns which do not have fogs are drier than that of London. 

Aitken, John. (See Biby), 
{Page 384). He describes Coulier's experiments by which he discovered the part 
(Page 3Sd) played by dust in the condensation of vapour. Coulier found the 
products of combustion to be active as condensers of vapour. This he attributed 
to unconsumed carbon. He found air after rain and storms less active, and the 
air of summer less active than that of winter. Coulier also made experiments 
rendering inactive gases active by means of combustion. He concludes that the 
explanation of these phenomena has to be found ; but seemed to attribute the 
activity to the heating of the air. 

Broun, J. A. (See Biby), 

{Page 558.) Aqueous vapour cannot explain the annual oscillation of pressure, 
since it is just when the tension of vapour is greatest that the barometric weight is 
least The introduction of more vapour into the atmosphere does not mske 
the whole lighter, but heavier ; and when we subduct the vapour pressure from 
the barometric height, we find the oscillation to be greater, not less, than 
before. It is not easy to determine the vapour pressure from the indica- 
tions of the dry and wet bulb thermometers ; but its amount will not explain 
the annual law, nor will it explain the independent osciUations in question. I 
have, however, suggested that the humidity of the air may be in question, and ai 
the oscillations of dryness or humidity of the lower mass are probably related to 
(Page 559) the temperature, the oscillations of pressiire may be related to them. 
I would suggest that the pressure of the atmosphere is affected by gravitation and 
some other attracting force, such as the electric attraction of the sun, depending 
upon the varying humidity of the air, and this again depending on the temperature. 

Capron, J. R. Symons'i Afeteorol. Mag,, vol. xvi. (rjy.) 
{Page 181.) I began daily records of observations with the spectroscope on the 
rain-band on July Ist, 1880, and have continued them till now (November). The 
history of the rain-band may be said to date from the time when Angstrom's maps 
of the solar lines were found to present different aspects according to the conditions 
{Page 182j of moisture of the atmosphere at the time of observation, and when that 
pioneer of spectroscopy proved the presence and absence of certain lines fonning 
bands in the spectrum, more especially a set near D to depend on that condition. 
No practical meteorological result followed, however, until, as E*rof. P. Smith tells 
us, the subject was first presented to him as a marked feature in sky spectrum at 
Palermo before and after a sirocco in 1872. [References are made to Smyth's 
papers on the subject.] In February 1878, appeared vol. xiv. of the Ediiibur^ 
Astronomical Obsei'vatians, 1870-77, in which the subject is fully treated. He 
has contributions in Nos. li., lii. of the Jouni. of the Scot. MeteorU. Soc 
McClean's star spectroscope is a useful instrument for these obser?atioos. 
(Page 183) Having obtained the instrument, close the slit, and adjust the focus till f 
the lines in the spectrum are sharp and clear. This should be done on a bright pari 
of the sky. Then point the instrument to the quarter of the heavens which it it 
desired to examine, and note results, especially as to lines D and their neighbour- 
hood. I generally observe thus at 9 a.m. daily from my laboratory window (looking 
towards the south) ; but if time and opportunity allow, three observations at 9 a. v-, 
1 A.M., and 5 a.bc, would be better, varying the parts of the sky tested; aQ<i 
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I examine with the spectroscope elevated about 13**. Prof. Smyth recom- 
mends to point as low as you can to the horizon, provided you get transmitted 
light, and to observe when the sun is neither high nor low. I find in 
practice 9 a. M. a good time to make observations when only a single one is taken 
daily, and also that if I get too low on the horizon I am apt to have- a false band, 
due to earth moisture. In pbserving you will soon remark change in the character 
of some of the spectrum lines as compared with those seen on a blue sky, with an 
elevated spectroscope, and moreover, bands of varying intensity are found added 
to the low spectrum not seen in the higher one. The lines and bands that change 
their character, or are variable in their appearing, are telluric ; either rain-bands or 
lines, called by Prof. Smyth * a function of moisture and temperature,' or low sun- 
hands and lines, distinguished by him as ' a function of dry air and low sun.' The 
irae solar bands remain unchanged. For meteorological purposes generally it will 
suffice if examination is confined to the principal band on the red side of D. In enu- 
meration of the darkness of the band for the purpose of record, I use from Nos. 1 to 
5, as under : 1, means faint ; 2, faint to moderate ; 3, moderate ; 4, moderate to strong ; 
5, strong. Prof. Smyth uses the enumeration I to 10 , but I have found a difliculty 
in distinguishing when so many degrees are used, especially when the intensity of 
the light varied. Simultaneous observations of the other meteorological instru- 
ments should be made, and the circumstances of sun, sky, and clouds noted. 
Drawings are given of the rain-band as seen by the spectroscope [but are not 
reproduced here]. They are thus described :— 1. Spectrum as seen upon a pure 
high sky. 2. Spectrum observed January 17th, 1881, 8 a.m. Morning dull, red 
sunrise ; low sun-bands and lines strong ; no rain-band. 3. Spectrum observed 
24th August, 1881, 8 a.m., showing moderate low sun-bands and lines, and a faint 
rain-band and lines weak. Rain- band moderate. 5. Spectrum seen December 9th, 
1880, 8 A.M. Sun shining through watery clouds ; low sun-lines strong. Rain-band 
strong. 6. Spectrum seen July 6th, 1881 : Rain-band everywhere and excep. 
tionally strong, stretching nearly half-way between C and D. Whole spectrum 
darkened, and obscured. The rain-band's action is hygrometric, and involves the 
general principle that according to the amount of suspended moisture in the air 
so [is] its appearance and strength. A faint, or faint to moderate rain-band, may, 
in some cases only, show an amount of moisture which will remain suspended for 
some time. A moderately strong, or strong rain-band, represents an excess of 
suspended moisture which, before long, is sure to descend [as rain]. Prof. Smyth 
ipentions instances, and I have met with several myself where an apparently perfect 
(Page 185) transparent sky showing rain-band has, on a change of temperature, 
condensed, as it were, into clouds which have poured. A little while since (August) 
I observed only a faint, or at most a faint to moderate, rain-band, on a beautiful blue 
iky, studded with white cauliiiower innocent-looking cumuli I predicted wet, and 
at mid-day meal was twitted with the sunshine and brightness ; but sure enough 
in the afternoon down came the rain. On the other hand, it will sometimes be 
raining, and yet only a slight, perhaps no, rain-band shows ; an eflfect generally 
connected with a cold wind, north or east. No rain-band is also sometimes observed 
when the wet and dry bulb readings only slightly differ ; but the explanation of this 
may be that low earth moisture affects the bulbs, which is not recognised in the 
sky-directed instrument looking thiough a thin stratum of it. [He gives some 
diagrams and observations which show the relation noticed between the rain-bands 
and rainfall during several periods.] ^ 

Qroneman, H. J. H* (See Biby,) 
{Page 337.) Messrs. Ooulier and Mascart obtained the same results as Aitken in 
1875 {Naturforscher, p. 400 ; Joum. of Fharm, [4] xxii., p. 165). In my ^Thtforie 
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, cosmique de FAurore polaire/ I have pointed oat the importance of these resolti 

on the relation between auroreo and clouds. If the inviaible aqueous dost is aUa 
to reach much higher regions than terrestrial dpst, and if aurorse are in dose 

• connection with cosmical matter in a state of extreme division, this cosmical mattw 

is without any doubt enabled to form aqueous clouds in a much higher than the 
usual level. In Gcea^ in 1873, it was noticed that the dispersed iron and other 
vapours derived from combustion in the higher regions must form on cooling a fine 

j precipitate, and may form conducting channels for the aurorse. S^cchi, in 1872, 

noticed the peculiar structuie of the cirrus seen during the auroral display, 
particularly their orientation, which indicated the possibility of such position 
being due to their magnetic qualities. Microscopic meteorites often occur in 

1 hailstones {Comptes Eendus, 1872, p. 683). 

I Preece, W.H. (SeeB%.) 

{Page 336.) A confirmation of Aitken's theory of fog occurred in a friend*s house 

at Streatham, on the occasion of the place being filled with steam from the bursting 

of a boiler. Wherever a cold surface was found the vapour condensed, and left 

I behind it black carbon dust. Nowhere else was this dust found. The snow of 

j London in thawing becomes dirty, owing to the dust and carbon being left behind. 

} Russell, R, (See B%.) 

{Page 267.) According to Mr. Aitken's theory, fogs should be common wherever 
large quantities of fuel are burnt ; and all large towns should have urban fogs. 
Before coal was used Paris did not have more fog than the surrounding country. 
{Page 268) Philadelphia, which bums anthracite, rejoices in a transparent atmo- 
sphere. The great coal and iron distiicts of South Wales are free from fog. A humid 
atmosphere is not necessary for the production of mist and haze. The frequent 
long- continued prevalence of blue haze over the whole country, not excepting the 
east coasts, in the driest east winds of spring, would be a subject deserving inves- 
tigation. They sometimes extend to a height much above the tops of our highest 
mountains. 

Whipple, G. M. Symoru's MeUorol. Mag.y voL xvi. (r«p.) 

{Page 39.) F. N. Shaw is now conducting an investigation on hygrometry and 
hygrometers on behalf of the Meteorological Society. He adopts Schwackhofer's 
hygrometer as his standard of reference. Schwackhofer concludes that the only 
correct way of estimating the amount of aqueous vapour in the atmosphere is by 
chemical methods. Of these methods there are two : analysis by weight, and 
analysis by volume. Hitherto the first has been the only plan «»dopted, but it 
involves much trouble, and gives the average humidity for a lougthened period of 
time, not the humidity for any given moment. The volumetric method is free 
from this objection, and may be worked with a comparatively simple apparatus, kept 
ready to hand, and capable of giving the desired result with accuracy in a few 
minutes. As to the degree of delicacy required it may be remarked that as 0*1 mm. 
{Page 40) (0 039 in.), of vapour tension represent about 0*013 per cent of the 
volume of aqueous vapour in th6 air, the apparatus should indicate with certainty 
the change of one-hundredth per cent, or one ten-thousandth part in the volume of 
air measured. Although Schwackhofer first constructed his instrument for the 
particular purpose of determining the humidicy of the air at different levels in 
forests, and comparing it with air at similar heights in the open country, yet he 
considers that it may be equally well employed in place of the ordinary pschycro- 
meters [= psychrometers] for daily observations at meteorological stations, since 
it is always ready for immediate use, and without much calculation will give the 
humidity, the operation occupying ten minutes or a quarter of an hour. The 
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principle is to measure the Tolume of air, and repeat the measurement, after the air 
has had its moisture abstracted by means of sulphuric acid, under the same con- 
ditions. In the case of fog the air is slightly heated before it is passed into the 
apparatus, so that the watery yesicles may be convei'ted into vapour. [A sketch and 
description of the apparatus is given, and details as to how it is worked. ] 

Nature. (See Biby.) 

{Page 2eO). Acad ScL, Paris, January 3rd. * Facts for the Study of the Forma- 
tion of Fogs,' by M. Andr^. A high barometer was observed to sink suddenly (with 
rain) while a fog present disappeared. With a slow rise of the barometer the fog 
{Page 370) reappeared. — The report of the Government Gardens at Rangoon and the 
attempt made at West African settlements indicate that the vegetation of tropical 
{Page 398) Australia will not thrive in a humid climate. —Dines (Zeits, f. MeteoroL^ 
XV. , p. 381) estimates the annual dew formation to be about 35 '5 millimetres (on 
grass 26 mm.) ; at the best 38 mm. Average nightly on grass 07 mm. — Meteorol Soc, 
{Page 427) February 16th. ' Relative Humidity,' by C. Greaves. The term frequently 
leads to misunderstanding. He suggests other tables with a more correct denomina- 
tion. Roy. Soc. Edinburgh, February 7th. Aitken communicated further experi- 
ments on the formation of fogs. He found the same results were obtained at very 
low temperatures (down to 8** F.) as at higher ones. In dry fogs — that is, fogs formed 
in non-saturated air — certain kinds of fog-forming dust were much more efficient in 
their action than others. Some, in virtue of their deliquescent properties, formed 
clouds in non-saturated air ; others only acted in saturated air ; while a third class 
{Page 490) required the air to be super-saturated. At Mexico the hottest time of the 
year is the driest, the mean relative humidity for April and May for 1878 and 1879 
being only 42. 

Symont^s Meteorol. Mag,, vol. xvi. {rip,) 

[No. for May.] 

{Page 65.) At the Annual R^imion des Soci^t^s Savantes in Paris Prof. 
Alluard suggested that Saussure's hair-hygrometers should be graduated in accord- 
ance with the indications of the dew-point by one of Alluard's hygrometers occupy- 
ing the same space. M. Garban read a paper on the rate of evaporation. He 
experimented with a series of vessels filled with various earths and regularly 
weighed. The evaporation from chalk was less than that from sand ; in fact, the latter 
appeared to collect most dew and vapour, and also to yield its vapour more readily 
than any other variety of earth. M. Hubert considers that the foehn and sirocco 
are produced when, under the influence of a great Atlantic storm, a current of warm 
humid air moving rapidly impinges on a chain of mountains which compels it to 
dilate and to become cooler, and therefore to produce a larger fall of rain. When 
the air reaches the top of the mountain it contains only the quantity of vapour 
necessary to saturate it at the low temperature to which it fell during its ascent, and 
falling down the other slope with a circular or spiral motion, it becomes warmed 
by the compression, and as much drier as it is warmer. When the point of the 
a3r8tem reaches the plain the gyratory descending motion and the centrifugal force 
jointly produce a diminution of pressure, which gives rise to an internal gyratory as- 
cending current of considerable force, which produces the low pressure found in the 
centre of the storm. A complete storm thus consists of two parts : an interior region 
of low pressure, where the air is ascending in conical spirals, and an external area 
of high pressure and descending spirals. The air in the cyclones becomes rapidly 
more damp, and thus, while commencing with a very dry air, they finish with 
{Page 57) violent winds and torrential rains. He traces these features in all the 
cyclones and great storms which occur in the best-known storm regions. 
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AQUEOUS VAPOUR 1882. Boemer. NOTKS. 

M. Masiire read a paper on ' New Kesearches on the Evaporation of Water and on 
the Transpiration of Plants.' The abstract supplied by himself differs mach {ron 
the notes we took. According to the abstract, arable lands influence evapontioa 
mainly by the manure they contain, which renders them more retentive of water. 
According to our notes he stated that the amount of evaporation could be deter* 
mined by a formula containing values for (a) temperature of the water ; (6) tempen- 
ture of the air ; (c) temperature of solar radiation ; (d) humidity of the air ; (<) 
velocity of the wind. He then exhibited one of a series of fifty -one diaiti, 
on each of which he had placed curves giving hourly observations of all the 
meteorological instruments which he possessed. The air temperature wai 
taken by a thermometer swung round in the air, and the same thermomeiff 
was subsequently used to ascertain the temperature of the water in the evaporaton. 
His observations were made in a garden rather full of. plants. He found the tern- i 
perature of the water at sunrise always below that of the air. He considered tbat ; 
the temperature of stagnant water was different from that in a river where it mi \ 
tossed about. During the early morning hours he not infrequently found that, 
instead of evaporating, condensation had taken place on the surface of the water in 
his evaporators. He found the range of temperature of the water in one day ai 
much as from 49** to 85*" F. or 36° F. He had also made experiments as to the 
amount of evaporation from a tobacco-plant, and found that the hourly amonnt 
(Page 68) pasning off was markedly less when the sky was overcast ; the life and 
breathing of the plant were, in fact, checked by want of sunshine, the influence of 
which was greater even than that of heat. 

[No. for October.] 

(Page 155.) Baldwin Latham, in a paper read before the British Association, 
noticed that the levels of springs rose or fell inversely with the barometric pressure 
(Page 156), and did not seem to be influenced by the hygrometric state of the air, as 
was suggested by Prof. Hughes. 

1882. 

Boemer, C. G. [Bee Biby.) 

(Page 482.) Evaporation commences at sunrise, and continues until the diurnal 
temperature has attained its maximum, between 2 and 4 p.m. As the decrease of 
teir perature progresses more rapidly from 4 to 9 p.m., than during the remainder of 
the night, it is evident that a large proportion of the vapour suspended in the heated 
air during the day is precipitated as evening dew, and frequently by 10 p.m., the 
deposit on the foliage of trees becomes so copious that it may be heard falling in 
drops from leaf to leaf. Another period in which dew is copiously deposited is 
after midnight and at the dawn of day. After 9 p.m. the rate of decrease in 
atmospheric temperature is considerably retarded, but when the temperatiure has 
arrived at its minimum the deposition of dew is augmented. The appearance of 
dew only in the morning proves that the temperature of the evening was not re- 
duced to the temperature of the dew-point. A hazy atmosphere, or a large amount 
of invisible vapour, will retard radiation ; hence serene cloudless nights, without 
deposition of dew, are regarded as indications of coming rain. According to the 
(Page 483) theory of Prof. Henry, the deposition of dew depends upon the stillness 
of the atmosphere. 

Pinley, John P, (See Biby,) 

(Page 4.) The place of origin of cyclones is between the belt of calms and the 
south limit of the trade winds, or say, briefly, in the vicinity of 10** N. — 60° W. This 
region coincides with the zone of constant rainfall, where evaporation is very rapid, 
cloud formation exceedingly brisk, the air almost constantly saturated with 
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moistiire, and heavy condensation a regular feature of the day. Typhoons form 
south of the Tropic of Cancer, and in the vicinity of the Philippine islands. The 
nine remarks apply to this region as in the case of cyclones. The general direction 
oi movement of the tornado-cloud is invariably from a point in the S.W. quadrant 
to a point in the N JL quadrant. The tornado-cloud assumes the form of a funnel, 
the small end drawing near to or resting upon the earth. This cloud, or the moving 
mir of which it is the embodiment, revolves about a vertical axis with inconceivable 
rapidity, and always in a direction contrary to the movement of the hands of a 
watch. The destructive violence of the storm is sometimes confined to the 
immediate path of the cloud, as when the small or tail end just touches the earth. 
While, on the other hand, as the body of the cloud lowers, more of it rests upon the 
earth, the violence increases, and the path widens to the extreme limit. The tornado 
(Po^e 5), with hardly an exception, occurs in the afternoon just after the hottest 
part of the day, and generally disappears before the going down of the sun. The 
{Page 6) hour of greatest frequency is between 3 and 4 p.m. When I speak of the 
formation of a water-spout at a considerable height in the air, I mean that the 
{Fage 7) embodiment of the whorl, or the revolving current of the air, first appears 
in a dark cloud of minutely divided particles of water, the result of rapid condensa- 
tion of course in the air, and therefore in the water. Hailstorms are characterized 
by a strange cloud-formation, and a peculiarity of precipitation unlike any other 
formation in the category of storms. The cloud from which the hail falls is basket- 
shaped, with a dark and portentous exterior, a ragged and ominous-looking 
opening at the bottom ; and within a whirling conglomeration of snowflakes, 
pellets of snow and ice, partly formed, and perfect hailstones. The hail-cloud forms 
between the currents of the upper and lower regions of the atmosphere, and moves 
forward in the plane of these currents, either within or just above the upper limit 
of the lower atmospheric regions, where it finally disappears, and the deposition of 
{Page 9) hail ceases. The tornado is preceded by the formation of a large bard- 
metric trough, with a prevalence of northerly and southerly winds at each end. 
Carefully study cloud development, colour as well as form, also manner and 
direction of approach. The approach of a cirrus-cloud (perhaps at a height of six 
to eight miles) from the S. W. is very significant, and is the evidence of the gradual 
but certain advance of the upper south-west current, which eventually plays so 
important a part in the development of the tornado-cloud. Clouds are but the 
embodiments of air currents, yet they are full of meaning. A study of the upper 
currents of the atmosphere would be impossible without their manifestations, and 
that, too, in a variety of forms. Wind direction, temperature, and clouds are the 
proper subjects of observation and thought by the isolated observer [of tornadoes]. 
{Pagt 10) While the conditions preceding a tornado are forming, the winds noi-th 
and south of the main axis of the trough cause an increasing contrast of tempera- 
ture. This contrast increases with rapidity, and the formation of cloud commences 
in earnest. Huge masses of dark and portentous appearance bank up in the N.W. 
and S.W. with amazing rapidity. The struggle for mastery in the opposing 
currents is thus indicated by the gathering cloud formations. The condensation 
of vapour from the extremely humid southerly currents by contact with the 
augmenting cold of their struggling opponents continues. It increases rapidly. 
Finally, when the tenacious hold upon a stable equilibrium can no longer be main- 
tained (which is controlled by the rapidity and extent of condensation), the opposing 
forces are, as it were broken asunder, followed by the upward rush of huge volumes 
of air. The outward indication of this event is first shown in the whirling, dashing 
clouds over the surface of the heavy bank of condensed vapour forming the back- 
ground. The next stage is the gradual descent of the funnel-shaped cloud from a point 
apparently just beneath the position of the enactment of the first scene. One pre- 
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advances these scuds continue to play about its top and sides, constituting a 
{Page 15) characteristic feature of the scene. The tornado cloud is, generally speak- 
ing, funnel-shaped ; that is to say, the lower end is always the smallest. It may 
appear to be balloon-shaped, basket-shaped, egg-shaped, like a kite or a bulb, or 
an elephant's trunk, etc. The major axis may be inclined to the perpendicular, but 
is usually upright. Sometimes it is hour- glass- shaped, and then the tornado is 
extremely violent. The variations of form are important in a critical study of 
the tornado. They depend upon the peculiar whirling movements of the air. 

8cllwedo£f, Theodore. Symons*$ ^feteorol. Mag., vol. xvii. (r«/>.) Paper read before the BritMi 

Association. 
[No. for November.] 

{Page 149.) Hail comes from very characteristic clouds, sometimes dark, almost 
black ; at other times very bright, but always dense, with clear cut and agitated out- 
lines ; we recognize them amongst storm clouds. The same character of clouds is 
repeated in the falls of meteorites. It is suggested that hail is of extra-terrestrial 
origin. 

Symons's MeteoroL Mag., vol. xvii. (rjp.) 

Notice of Professor Poey's * Les Gourants Atmosph§riques,' etc. A translation is 
given of a portion of Chapter I., from which the following remarks are selected: — 

{Page 99.) We proved in a previous volume that the form of clouds is due to 
their integral structure, which is inseparable from the physical constitution of the 
Tarious layers of the atmosphere, where the action of weight, pressure, heat, and 
humidity undergo constant changes, indicated by the presence of special formations 
(tf clouds ; that there are two characteristic types of cloud, — ^the cirrus, formed of 
&ozen particles, and the cumulus, formed of watery ones ; all other forms are 
evolved from these two tyx>es ; that there exists in the evolution of clouds a scale of 
complication or increasing speciality from the upper region of the cirrus down to 
the fracto-cumulus near the surface ; that one may regard the atmosphere in a 
vertical sense as divided into two great regions, each having physical characteristics 
and meteorological products quite distinct ; that usually the Pallio-fractus forms 
the boundary between these two layers. It is at this intermediate layer, where the 
watery particles are changing into snow or ice, that the meteorological manifestations 
are developed. In the regions below this are produced thunderstorms, rain, snow, 
hail, the easterly trades, surface winds, and optical phenomena dependent on re- 
flection, such as rainbows and coronse. The general movements of the atmosphere 
have their origin in the upper regions, as have also equatorial storms, the westerly 
trades, and optical phenomena dependent on refraction, such as haloes, parhelise, 
and paraselene. Accordingly heat and moisture prevail in the lower regions, cold 
and dryness in the upper ; and hence the formation and structure of the clouds. 
In the upper regions the vapour of water is precipitated in the form of ice needles, 
and in the formation of cirrus ; in the middle region in that of snow crystals and 
cirro-cumulus ; and in the lowest region in that of watery particles and of cumulus. 
The atmosphere may therefore be regarded as consisting of a series of concentric 
beds of constantly varying properties, and in which the clouds are modified from 
the cirrus or cumulus to an extent corresponding with their altitude. From the 
altitude alone it is therefore possible to determine the physical constitution of the 
stratum and the characteristic forms of cloud, and vice versd. The elements are all 
intimately related, and the knowledge of any one enables us to deduce the others. 
When observers are thoroughly persuaded of the truth of these facts they will have 
a powerful guide in their observations of clouds, they will recognize the importance 
of employing a nomenclature in harmony with tiie present state of science, and per- 
haps they will adopt that which we have proposed.. 
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AQUEOUS VAPOUR 1888* Crooby. NOTB& 

[To this the reviewer adds] : 

{Page 102.) Is it possible that the reason that shepherds and fishermen are such 
good weather prophets is that they study the form and character of the clouds, and 
that in their rough way they get a truer insight than do those excellent observen 
who determine that the mean amount of cloud at 9 a.m. is 67, and at 9 p.m. 7*1 ? 

[No. for August.] 

(Page 104.) It seems to follow from the figures given by M. Fautrat that ths 
degree of saturation of the air by moisture is much greater over masses of leafed 
species of trees than others. [See under 1880 NaUirey xxi., Notes.] The leafage 
and branches of leafed trees intercept one-third, and those of resinous trees the 
half of the rain-water which afterwards returns to the atmosphere by evaporation. 
On the other hand, these same leaves and branches restrain the evaporation of the 
water which reaches the ground, and that evaporation is nearly four times less under 
a mass of leafed forest than in the open, and two and one-third times only under a 
mass of pines. 

1883. 

Abercromby, Hon. Ralph. SymotWt Meteorol. Mag,, vol. xvliL (r«/>.) 

[No. for February.] 

{Page 11. ) There are what are called good and bad hours for clearing ; that is to 
say, that if during a rainy day the sky breaks about 11 ▲.!!. or 2 p.m., the improve- 
ment will not last, so that these are bad hours. If, on the contrary, the break 
occurs about noon or 4 p.m., it is expected that the weather will clear permanently ; 
and these are called good hours of clearing. These are the hours which hold good 
{Pojge 12) in Scotland, but perhaps they vary in different parts of the country. 

Backhouse, T. W. Symoru** 3feteorol, Mag^ vol. xviii. (rjp.) 

{Page 58.) Since 1858 I have registered foggy weather, using as a gauge the 

distance at which objects can be seen. The scale is as follows : — 

Distance visible, 32 miles Fog, 4 

8 „ •> 8 

2 ., M 16 

880 yards „ 32 

220 „ „ 64; 

and 80 on in inverse ratio to the square root of the distance visible. The objects 
observed are any solid bodies in the daytime, and at night ordinary gas-lights. The 
visibility depends on the distance, not upon the angle subtended by the object ; 
{Page 59) size and colour have little influence on visibility. A good deal depends 
upon height, since the atmosphere is usually clearer high up than low down. I 
therefore select objects which are approximately of the same height. I found a 
difficulty in deciding upon a scale. Distance alone would not do, nor a scale of 
simple inverse ratio, since then there would be no perceptible difference between a 
moderately clear day and a very clear day. Perhaps a logarithmic scale would be 
fairer than any, such as : — 

Distance visible, 32 miles Fog, 6 

„ 16 „ n 7 

8 „ n ^ 

,. 4 , » 9 

and so on. 

Crosby, W.O. ^7>/>a/ac;*Jo, rol.iii., No. u. (1883). Read December 13th, 1882 {rv). 

(Page 132.) In East Cuba the sky is usually clear till the sea breeze or N.E. 
trade-wind strikes the mountains in the middle of the forenoon. Then the watery 
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AQUEOTIS VAPOUR 1888 Gladstone. NOTES. 

Taponr is condensed, and clouds (usually cumuli) begin to appear. The cloudiness 
increases until a continuous cloud-belt is formed, extending east and west as far 
ts the eye can see, but always of very limited breadth. From any moderate 
eminence, or from a mile or two off the north coast, it can be distinctly seen that 
the clouds do not extend far south of the summit of the range, enveloping the high 
peaks and ridges, while through the low passes clear sky appears beyond ; but 
towards the north the cloud-belt may cover the shore, or extend several miles out 
to sea. On many days, especially in the dry season, the clouds do not form a 
distinct and continuous belt, and their development is not followed by rain. When 
the land breeze sets in at night the cloud-belt is carried out to sea, and may often 
be seen in early morning resting on the northern horizon before it is dissipated 
(Pa^ 133) by the advancing sun. Except during the prevalence of general storms 
the precipitations take place on the north sides of the mountains, the clouds rapidly 
disappearing in invisible vapour as they are carried by the trade wind over the 
heated southern slope. 

* 

Dines, W. Synums'* MeUoroL Mag., vol. xviii. {np.) 

{Page 107.) I have had a meter in use since January. I send a specimen of the 
results obtained with it : — 

TBVSIOir. 

Dry bnlb. Wet bulb. By calculation. By meter. 

60-5 [degrees] 57*8 [degrees] -439 [inches] -302 [inches] 

64-5 „ 68-8 „ -418 „ -263 






64-0 „ 67-4 „ -387 „ 249 

64-0 „ . 56-6 „ -367 „ -223 ,; 

64-8 „ 66-6 „ -355 ,. -205 „ 

The method is to take a given volume of air, extract the vapour by means of 
sulphuric acid, restore the air to its original volume and temperature, and note the 
loss of pressure. The tension thus obtained is less than that given by the tables ; 
and I have no doubt that further investigation will show that the tension of vapour 
mixed with air, and not in the presence of water, is less than is generally supposed. 

Qlad8tone» J. H. Sgmotu*s Meteorol. Mag., vol. xviiL {rip,) 

[This paper is regarded as belonging to 1883. It, of course, strictly belongs to 
1863, and when the paper is read in the original publication, it is possible some 
^K^ not given here would be entered on account of priority of statement.] 

(Page 19. ) The paper is based on observations on fogs made at about 260 
stations. Prof. Tyndall defined a cumulus as the visible capital of an invisible 
column of saturated air. When on the summit of the Righi one morning last 
summer [=1862], there lay in the valley of the Reuss a mist like a white sheet on 
the ground, but as the sun began to exert his power, and a light breeze to spring 
np, the uniform layer began to break into regular masses, and soon far beneath us 
there stretched a cirrus-cloud, identical in aspect with those one often sees in the 
(Page 20) highest regions of the atmosphere. It is difficult to draw a line of 
distinction between fog and mist. The value of meteorological returns depends on 
this, and it appears that what one observer calls fog another describes as mist or 
haze. Mr. Cunningham suggests that when a pole, painted vermilion, placed at 
100 yards distance, is rendered invisible by mist, such mist should be called a fog. 
Some months are marked by fogs more than others. For instance, along the south 
coast of England, February and September are comparatively free, while January 
and June are foggy months. November is notorious for fogs in London, but does 
net seem to deserve that character elsewhere. Some years are much more visited 
by fogs than others. For instance, 1861 was freer than 1858 along most parts of 
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the coast. England does not deserve that pre-eminent character for mistineas 
which is attributed to it by the popular imagination of the Continent. A fog 
is more uniformly distributed over the surface of the sea than on the adjoming 
coasts. 

Bobie, David. Symons's Meteorol 'Mag.y vol. xviL {rsp.) 

[No. for January.] 

{Page 184.) In past generations it was the common opinion that the rain-clouds 
were supplied with their water from neighbouring seas. The old agricultural 
reporters of the counties often spoke of a certain quantity of rain coming with the 
west or south-westerly wind from the Atlantic Ocean, and again so much being 
brought by an east wind from the German Ocean. They obviously attached 
little sigiJficance to what is termed a drying wind or a sunny day, or perhaps 
thought that the evaporation from the soil in the shape of aqueous vapour passed 
into space. The washerwoman, though a capital judge of a drying day when 
suspending her wet clothes, would take no account of what became of the moisture 
which disappeared in the process of drying. From observations with rain and 
{Page 185) Dalton gauges made at Bedford in 1882, I find that the water in therein 
gauge measured 28*42 in., while the amount in the Dalton gauge, representing the 
amount which percolates the soil, was 14*60 inches. Hence almost one-half of the 
rainfall passed upwards into the atmosphere in an imperceptible form. The 
percentage which the percolation amounts bore to the rainfall in the several months 
was— January, 83 ; February, 50 ; March, 68 ; May, 54 ; June, 20 ; July, 51 ,* . 
August, 8 ; September, 40 ; October, 46 ; November, 67 ; and December, 94. \ 
{Page 186) Dalton gauges of various depths are in operation at Rothamsted, from | 
which it is found that the moisture in the soil is drawn up from considerable ; 
depths. One gauge is five feet deep. 

Tomlinson, Charles. Symons't Meteorol. Mag., vol. xviLi. ^ 

{Page 117.) Pictet made observations dn the temperature at 5 feet and 79 feet 
{Page 118) above the ground in 1779. He found that the lower thermometer marked 
a lower temperature than the upper during the night. The difference was observed 
at all seasons during moderate and in cloudy weather ; only in the last case the 
effect was much less appreciable. When the sky was completely clouded or fog , 
prevailed the difference disappeared, both thermometers reading alike. Prevost, in ; 
1772, correctly expounded the action of clouds in limiting radiation. 

Symons's Meteorol, Mag.y vol. xviiL ; 

{Page 18.) We regret that no systematic records have been kept of the amount • 
of fogs. We can only recall three short papers on fog distribution — two in the i 
British Association Reports for 1861 and 1862 and the abstract of Dr. J. H. Glad- * 
stone's lecture to the Royal Institution on ' Fogs and Fog Signals.' [The biter is 
reprinted, and notes from it are given separately under Gladstone.] What is the 
{Page 21) best mode of determining the density of a fog I Dr. Gladstone mentions 
Mr. Cunningham's suggestion of a vermilion- coloured post. Why vemiilion. 
Surely black and white would be a better contrast. The viaibility of the pole will 
depend upon the background. The background should be imiform. Hence ve " 
think a broad board painted with stripes would be better than a pole. Further, the ■ 
pole should face the south at all stations. In towns a distance of 100 yards may \ 
not be available, and we do not think so great a distance is needed. It appears to j 
be desirable and practicable to obtain something more precise than a mere record '* 
of fog or no fog, according. as one special object is or is not visible, and we should ^ 
like to see an apparatus which by day or by night would indicate no fog, slight fog 
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3 fog, dense fog. Mr. Conningham's pole cannot be assumed to be more 
0. in diameter, and such a pole at the distance of 100 yards would subtend 

small angle of 3' 49". The measure of obscuration depends on the angle 
)d by the object, and a black line 0*4 in. broad on a white board at a 
of 30 feet would subtend the same angle of 3' 40^'. As Dr. Gladstone says 
1 a pole as has been proposed seems to correspond with the ordinary defini- 
:>g, we might accept its equivalent or (0*27 in.) ^ in. at 20 feet as the breadth 

on the fog scale ; and the subsequent numbers might be multiples of it — 
, 1, 2, and 4 in. Our board would be horizontal, so that all parts of the 
) scale should be under identical conditions, and it should, we think^ never 
ban 5 nor more than 10 feet above the ground. The scale figures should 
3d above the lines. At night fogs may be gauged by street lamps or by 
I small lanterns fitted with a composite candle and having a groove into 
om one to four thicknesses of coloured glass could be dropped. In the 
og such a light without any glass would be invisible at about 30 feet (per- 
!0 feet, but we are not sure), and the density of the fog would be determined 
ig the lamp at a distance of 20 feet with all the thicknesses of glass super- 
id removing them one by one until the light becomes visible ; e.g., if when 
vrere in the light could be seen, there would be no fog ; with three in it 
3 No. 1 ; with two. No. 2 ; with 1, No. 3 ; with none in, No. 4 ; and if 
d light could not be seen, it would be a maximum fog, or No. 5. Of course 
i) all the lanterns must be alike and the glasses of equal tints. — The Rev. 
ey has issued a circular of a scheme for the observation of the upper clouds, 

he suggests the outlines of a cloud classification. He objects to the terms 
itus and cirro-cumulus as leading to confusion. In point of structure the 
sually called cirro-cumulus belong essentially to the higher strati forms, 
g of nubecules separate or partly coalescing, occupying a layer of atmo- 
f very small vertical thickness, but of very great horizontal extent, and they 
brmed in nature by the processes which are productive of clouds either of 
IS or of the cumulus type. The* dilFerent varieties of cirriform clouds are 
i, with the symbols proposed for their designation. By means of a regular 
•bservers information may be obtained as to the forms of the higher clouds, 
111 double the value of existing storm warnings ; enable an isolated observer 
ut the general distribution of atmospheric pressure,^ and of the weather 
in the British Islands at the time of observation ; form a forecast of what 
itribution and the weather will be in the ensuing twenty-four hours ; 
lish early information of coming storms. Mr. Ley's nomenclature seems to 
>m plicated for cloud observers. 
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, B. 442, 444 ; Symons, B. 443, 444 , 
. 444 ; Thomson, B. 443 ; Tomlinson, 
; Woeikoff, B. 444. 

n of dust as condenser. Aitken, N. 430. 
n of hills. Buchan, B. 344. 
n on air. Hopkins, B. 182. 
n on pendulum. Squire, B. 179. 
barometric pressure. Dauiell, N. 292 
Saul. N. 189—191. 
ilouds. Hobbes's view, N. 189. 
ricity. Quetelet, B. 182. 
-ization of air. Buchan. N. 368. 
adiant heat, N. 344 ; Ainsworth. N. 286 ; 
arion, B. 185; Harrison, B. 186, 186,442 ; 
.yer. B. 184 ; Soret, B. 184 ; Strachey, 
; Thomson, N. 364 ; Tyndall, B. 183— 
^^Ud, B. 186. 

ts relation to air. Aiiy, N. 333; Blozam, 
—336 ; Lamont. N. 341—344. 
its relation to barometnc pressure, 
lel, N. 317, 322—326; Monck, N. 888 ; 
r, B. 444. 
its relation to cyclones and anti-cy- 

Ley, N. 420,421. 
cause of blueness of sky. Sorby, N. 



regulator of cyclones. Parish, N. 312. 

regulator of storm tracts, N. 416. 

regulator of temperature. Buchan, N. 

;i ; Croll, N. 418. 

dicated by date palm. Bams, N. 394. 

dicated by wheat. Brumham, N. 390 ; 

N. 391. 

le motive power in air currents, N. 428. 

le motive power in cyclones. Maury, 

. 395. 

it of. Eason, B. 178. 

ensation of, by dust. Aitken, N. 430 ; 

nann, N. 431, 432 ; Preece, N. 432. 

ensation on ice. Dufour and Forel, B. 

7. 

ensation on snow. Dufour, B. 186. 

period. Austin, N. 309 ; Elias, N. 896 ; 
3, N. 408 ; Mann, N. 370, 871. 

and seasonal period. English Cyclo- 
N. 313. 






AQIJEpiJS YAPOVR—continued, 

distribution in air. Dujardin, B. 185 ; Eng- 
lish Cyclopasdia, N. 313, 314; Findlay, N. 
299 ; Maclaren, N. 309. 

distribution as regulated by evaporative 
and rainy ar6as. Hopkins, N. 809—312. 

distribution as regulated by plants. 
Becquerel, N. 846. 

importance of a knowledge of tension dis- 
tribution. Stewart, N. 388. 

in air. Aubuisson, B. 178 j Bolthauser, B. 
18G; Dalton, N. 21^—217; Daniell, B. 179; 
N. 217—219, 241—265, 277—285, 289^298 ; 
Dove, B. 179, 181 ; Espy, B. 182 ; Flammarion, 
B. 185 ; Grey,N. 314 ; Hare, B. 180; Herschel, 
N. 316—330; Hopkins, B. 181 ; Hunt,B. 182; 
Ladame, B. 181 ; Lamont, B. 183, 184 ; 
Monck, B. 187: Prestel, B. 186; Simons, B. 
179; Stewart, B. 186; Strachey, B. 183; 
Stratingh, B. 179; Suerman, B. 179, 180; 
Symons, N. 416 ; Topfer, B. 188 ; Tralles, B. 
178 ; Vogel, B. 186. 

in connection with auroras, N. 330, 881, 406. 

in connection with barometric pressure. 
Blanford. N. 418 ; Broun, N. 480 ; Buchan, 
N. M9, 850, 866, 867, 369, 870, 386. 

in connection with consumption and brain 
diseases. Buchan, N. 846. 

in connection with plants. Bidie, N. 377 — 
879; Buchan, N. 844—846; English Cyclo- 
paedia, N. 813. 

in connection with snowline. Semenof, N. 
347. 

in connection with snnset coloars. Lockyer, 
N. 406. 

in connection with snn-spot frequency. 
Archibald, N. 404. 

in connection with temperature. Wrede, 
B. 180 ; Richter, B. 444. 

in connection with thunderstorms, N. 428. 

in connection with transparency of air, N. 
402 ; Abercromby, B. 442 ; Cruickshank, B. 
448 ; Wild, N. 876. 

in connection with wind. Dove, B. 179. 

in connection with cylones, N. 408, 488. 

in connection with cyclones and tornadoes. 
Finley, N. 434—487. 

in connection with cyclonic vortexes, N. 415. 

ill connection with shifting of monsoons. 
Broun, N. 406. 

influence on barometer. Benny, B. 182 ; 
Soldner, B. 178. 

influence on light. Spottiswoode, N. 891. 

influence on radiant neat, N. 403 ; Mark- 
ham, N. 396 ; Russell, N. 362, 868 ; Stow, N. 
897. 

influence on snow-line. CrolL N. 418, 419. 

influence on wind. Buchan, IM. 867, 868. 

its pathways. Somerrille, N. 881, 882. 

relation to plants and animals. Somerville, 
N. 883. 384. 
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AQUEOUS VAPOTJBr-continued. 

relation to colonr of skin. Brine, N. 894 ; 
Grant, N. 894. 

meter for measuring tension. Dines, N. 
439. 

method of ganging vertical and horizontal 
distribution. Stewart, N. 878, 874. 

observations required. Hildebrandsson, B. 
448. 

on riyers. Murray, B. 179. 

pressure. Bloxam, B. 184. 

rainband spectroscopic observations. Ca- 
pron, N. 480, 481 ; B. 444 ; Smyth, B. 442. 

reduction of observations. Stewart, B. 177. 

retention by soil. Sdiomburek, N. 289. 

seasonal changes. Barker, N. 298 ; Davis, 
N. 299; FitzRoy, N. 299; Gregory. N. 
816; Gutzlaif, N. 299; Hunt, N. 298; 
Parkyns, N. 299 ; Strachey, N. 300 ; Wallin, 
N. 299. 

seasonal and geographical distribution. 
Somerville, N. 882—883. 

seasonal period. Allen, N. 288 ; Bacon, N. 

288; Christopher, N. 289; Forbes, N. 846; 

Grant, N. 812 ; Mann,N. 870, 371 ; Palgrave, 

' N. 846 ; Skertchley, N. 414 ; Speke, N. 847 ; 

Thomson, N. 897 ; Wilson, N. 397. 

spectroscopic bands. Smyth, N. 426. 

tension. Dines, B. 444. 

tension increases with scintillation of stars, 
N. 400, 406, 415. 

theory of vapour pressure. Airy, B. 188; 
N. 883 ; Bloxam, B. 183 ; N. 834—886 ; 
Lament, B. 183 ; N. 341—344. 

tide. BelUngham, B. 183 ; N. 815. 

upper. B. 444. 
ABID COUNTBIBS. Hopkins, B. 182. 
ATMOMETEB. MiUer. B. 442. 
CHEMICAL ACTION: organized in- 
quiry into the speed of, 337. 
CLEAHNESS OF MORNINaS. Eng- 

lish Cyclopaedia, N. 314. 
CIjOUjDS : Aitken, B. 443, 444 : Anon, 215 
Dalton, N. 184— 186; Duponchel, B. 183 
FlammarioD, B. 185; Fritsch, B. 186, 186 
Goethe, B. 179, 180; Haidinger, B. 184 
Herschell, N. 318, 330; Howard, B. 443 
Mottez, B. 187 ; Miihry, B. 188 ; Oliver, N 
182: Frestel, B. 187; Tyndall, B. 186 
Variey, B. 178 ; Wullerstorf-Urbair, B. 188. 

action on air. Reye, B. 184. 

and aurorae. Blake, B. 183 ; N. 833 ; Pratt, 
B. 183 ; Zollaer, B. 187. 

and barometric pressure, B. 188, N. 301 — 
304, 416 ; Buchan, N. 346 ; Ley, N. 407. 

and dust. Gronemann, B. 444 ; Preece, B. 
444. 

and electricity. Barber, B. 188 ; Schonbein, 
B. 182 ; Zantedeschi, B. 185, 186. 

and radiant heat. Tomlinson, N. 440. 

and rising air currents. Abercromby, N. 398. 

and solar radiation. Harrison, B. 442. 

and storms. Blasius, B. 442. 

and sun-spot periods. Klein, B. 188. 

and temperature. Archibald, N. 417—418 ; 
Muhry, B. 187 ; Tomlinson, N. 440 ; Watson, 
B. 443. 

and terrestrial magnetism. Groth, B. 184. 

and weather, N. 437—438 ; Buclian, N. 355 
—360, 368. 

and wind, N. 331 (air currents) ; Bucchich, 
B. 184—185; Home, N. 373 (whirlwinds); 
Karaczay, N. 288—289. 

as weather indicators, N. 401 ; Ley, N. 
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408—414,419—424; B. 443; Mitdiell, K. 346, 
347 ; Poey, B. 188, 443, 444. 

attracted by land. FitzBoy, N. 287. 

cirri of remarkable character. Haviland, 
N. 891. 

classification. N. 428 (Poey's), 441 ; Fritscfa, 
B. 187 ; Mann, B. 187 ; Poey, B. 186—188. 

colour. Sorby, B. 185 ; Buchan, N. 868 (in 
connection with weather). 

condensation. KuhUj d, 185. 

consecjiuent on explosion. N. 885. 

constitution of rain clouds. N. 888. 

cumuli and hsdlstorms. N. 415. 

daily period. N. 406 ; Bell, N.815 ; Booavia, 
N. 401 ; Calvert, N. 861 ; Erskine. N. 880 : 
H.N. 870; Page,N.288; Bichardson, N. 288 ; 
in mountainous areas, GroBbr, N. 438, 439. 

distribution in cyclones. N. 403. 

distribution in cyclones and anti-cycUaes, 
Abercromby, N. 403, 404. 

during fire. Bache, B. 181. 

during hailstorms. SchwedoflE, N. 427. 

during storms. Silbermann, B. 184. 

during thunderstorms. B. 181 ; Hann, B. 
188 ; Perkins, a 184 ; Tait, N. 427. 

during tornadoes. Finley, N. 435—487. 

forecasting of, a guess. Stratum, K. 874. 

formation. Ansted, N. 375, 876; Bosett 
B. 181. 

formation by radiation. Thomson, N. 383, 
864. 

formation by means of dust. Aitken, K. 
417. 

geographically distributed. Poey, K. 380, 
881. 

good and bad hours of clearing. Aber- 
crombv, N. 488. 

height. Feussner, B. 187 ; Lnroth, B. 444 ; 
Prestel, B. 188 ; Rozet. B. 182 ; Saul, N. 191 ; 
Wartmann, B. 181 ; Whewell, B. 181. 

height (great) of cirri. Glaisher, N. 316. 

height (observations wanted). N. 393. 

influence of astronomical phenomena. Par- 
fitt, N. 425. 

influence of moon. Broun, N. 404 ; EDis, 
B. 185 ; Gritton, N. 375 ; Harrison, B. 185 ; 
Murray, N. 406. 

influence of mountains. N. 371. 

influence on temperature. Woeikofi^ K. 
427. 

influence on pictures. N. 429. 

in S. Africa. N. 287. 

Leipzig Conference recommendation to ob- 
servers. N. 896. 

new form. Poey, B. 187 ; (Poey's) Scott, 
B. 188. 

movements of cirri in connection with cj- 
clones. N. 406. 

observations of higher forms. N. 441. 

orange-coloured before wind. Luck,N.SrO. 

periodicity. Buchan, N. 844 ; Klein, B. 1^'. 

prevalence of constant cloud zone. Esg* 
lish Cyclopssdia, N. 318. 

relation of pocky cloud to thundentonns. 
Burder, N. 396. 

suspension. B. 179; Pengelly, B. l^'r 
Raillard, B. 184 ; Rowell, B. 181 ; Vaillant, ' 
B. 184. 

weather proverbs. N. 392, 893. 
COMMITTEE OF BRITISH AS- 
SOCIATION : on erratic blocks. 222 ; oQ 
underground temperature, 223 ; unaergrooofl 
waters, 222. 
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COSTTAOIOUB DISEASES OF AlH- 

MAT iS : experimental inquinr, 887. 
DE^^. B. 180 ; N. 899, 400, 408, 488 : Dalton, 
N. 186 ; Dines, B. 186, N. 419 ; Fusinieri, B. 
181 ; Geraten, B. 177 ; Hndson. B. 186 ; Ma- 
jocchi, B. 181 ; PreToet, B. 178 ; Prieur, B. 
178 ; Boosbroeck, B. 180 ; Spandri, B. 181 ; 
Tyndall, B. 184 ; Webster, B. 178 ; Wells, B. 
179. 186, N. 187—205, 209—216; Zantedeschi, 
B. 181—184. 

dinrnal period. Boerner, N. 484. 

formation. Boerner, B. 444. 

formation near lakes. CSantoni, B. 443. 

formulsB for calcnlating. Everett, N. 886. 

heary. Wilson, N. 897. 

in SOTiali oonntoj. Gmttenden, N. 298. 

prerentiTe causes. N. 871. 

theory. Cantoni, B. 448. 

Wells 's claim to theory. Tomlinson, B. 188. 
D EWB O W. Banldne, B. 188. 
DEWPOINT. Bloxam, B. 184 ; Dalton.N. 
877 ; Dines, B. 187 ; Espy, B. 180 ; Galbraith, 
B. 182 ; Miller, B. 182 : Prideanz, B. 180. 

at sea. Lan^ton, N. 861. 

▼ertical dist nbntion. Glaisher, N. 816. 
DIPHTHEBIA : inquiry circular. 888-^340 
DROUQHT. B. 180; Anderson, B. 443 
Byng, B. 443: Cotte, B. 178 ; Foniham, B 
443 ; Griffith-Boscawen, B. 443 ; King, B. 443 ^ 
Miller, B.448; Bobie, B. 444 ; Yolta,B. 179 ; 
WhitmeejB. 448. 

1868. Watson, B. 182. 

1864-6. Foumet, B. 184. 

1868. Hutchinson, B. 187, 188 : Michie. B. 
187. 

1870, and its causes. N. 384, 386. 

animals characteristic of dry regions. 
Frere. N. 386. 

as pre-indicated by leafing of oak. Home, 
N.864. 

Bmmham's rules. Byves, N. 473 ; Stow, 
N.874. 

caused by sirocco. N. 403. 

heat indications of. Brumham, N. 872. 

lunar indic ations of. Brumham, N. 872. 
DROUQHTS : periodicity. Brumham, N. 

347, 348 ; Steinmetz, N. 864. 
DRY AttinAR THE PRODUCERS 
OP WUSTD. Somerrille, N. 381, 882. 

DRYNESS OP SIROCCO WIin>. 

N. 417. 

of summer, prognostics for. N. 366. 

of wind injurious. Mitchell, N. 862. 
BVAPORATION. N. 866, 366, 400, 429 ; 
Cantoni, B. 443 ; Dieulefait, B. 444 ; Humber, 
B. 442 : Lalanne. B. 444 ; Salles, B. 444 ; 
Garban^s experiments, N. 433 ; Masure's ex- 
periments, a. 434 ; obserrations by Dines, N. 
416, 416 ; Ansted, N. 376 ; Aubnisson, B. 178 ; 
Beardmore, B. 183; Buchan, N. 360—362; 
Bnist, B. 182 : Castellon, B. 181 ; Clerk, B. 
182 ; Dalton, B. 178. N. 184—186 ; Daniell, B. 
179 ; Dines, B. 186, N. 379, 380, 386, 386, 389, 
890 ; Drian, B. 182 (negative) ; Dufour and 
Forel, B. 186, 187 ; Espy, B. 180 : Fritsdi, B. 
187 ; Geddes, B. 177 ; Herschel, N. 316—318, 
326; Hoffmann, B. 187; Home, N. 346: Hud- 
son, B. 187. N. 387, 388, 891 ; Lamont, B. 186 ; 
Lyell, N. 361 : Mann, B. 187 ; Maverlev, B. 
181; Meikle, B. 179; Miller, N. 391; Mott, 
N. 896 ; Murphy, N. 399 ; Oliver, N. 192 ; 
Pfaff, B. 187 ; Rosen and Hildebrandsson. B. 
184; Bowell, B. 181; Saul, N. 191, 192; 
Tacchini, B. 186; Tate, B. 183; Valleys, B. 



EVAPORATIOI9'— con^intied. 

182 ; YassaUi-Eandi, B. 179 ; Yivenot, B. 184, 
186 ; Watts, N. 346 ; Williams, N. 183, 184 ; 
Wistar, B. 178 ; Wrede, B. 178. 

and electricity. Mascart, B. 443 ; Rowell, 
B. 181 : Volpicelli, B. 188. 

and lakes. Somerville, N. 381. 

and magnetic fluctuations. Norton, N. 298. 

and ocean currents. Ansted, N. 376 ; Mur- 
ray, N. 399 ; Somerville, N. 391 ; Thomson, 
N. 406, 406. 

and soil temperature. Lucas, N. 414. 

and solar spots, N. 416. 

and water supply. Leslie, B. 187. 

as influenced by vegetation. Markham, N. 
862. 

at sea. Laidley, B. 181. 

defects in measurement. Symons and 
Field, N. 874, 376. 

dependent on radiation. Blanford, N. 398. 

drawing action on soil water. Bobie, N. 440. 

from damp and wet ground. Yogel, B. 186. 

from forest-covered Und. N. 438. 

from lake. Hajech, B. 186. 

from land. Risler, B. 186 ; Yogel, B. 186. 

from moss. Buchan, N. 867. 

from oak. Pfaff, B. 186. 

fromplants. Deh^rain, B. 186 ; Hartog, B. 
184 ; Knop, B. 188, w. N. 406 ; Nature, N. 
392 ; RauweDhoff, B. 186, 186 ; Risler, B. 186, 
187 ; Rolleston, N. 426, 426 ; Yogel, B. 186. 

from rain gauges. Simmonds, B. 186. 

from water surfaces. Buys-Ballot, B. 187 ; 
Field and Symons, B. 186. 

greatest in years of maximum rainfall. 
Hm, N. 401. 

in connection with desiccation of countries.* 
N. 393, 394. 

in 8. Africa. N. 286, 287. 

in tropics. Baily, N. 289. 

influence of temperature. Baumgartner, B. 
442. 

Leipzig Conference recommendations. N. 
396. 

observations on. Jackson, N. 286. 

periodicity. Prestel, B. 183, 184. 
EVAFOROOiTERS : in South Kensing- 
ton Museum loan collection. N. 400, 401. 

Lamont's. Strachan, N. 884. 

Prestel's. N. 893. 

Wild, B. 442. 
POG8. N. 427, 429; Aitken, N. 430; B. 
448 ; Backhouse, B. 444 ; Buchan, N. 863— 
866 ; Dines, N.419 ; Gladstone, B. 183, 444 ; 
N. 439, 440 : Harvey, B. 179, 443 ; Herschel, 
N. 318; Hutton, b. 179; King, B. 443; 
Ladame, B. 184 ; Miller, B. 443 ; Nature, B. 
444; Peltier, B. 181; Selmonna, B. 184; 
Symons's Met. Mag., B. 444. 

Aitken's observations. N. 433. 

and heat. Ladame, B. 184. 

and dust. Aitken, B. 444 ; Chatel, B. 444 ; 
Groneman, B. 444 ; Preece, B. 444 ; Russell, 
B.444. 

associated with rising barometer. N. 433. 

independent of burning of fuel. Russell, 
N. 432. 

dry. Renou, B. 186 ; Roche, B. 184 ; Ser- 
pieri, B. 187. 

dry, 1863. Dufour, B. 184. 

dry and aurora. Serpieri, B. 187. 

E. Falkland Island. Parish, N. 286. 

in 1871-2. Hirsch, B. 188. 
method of measuring. N. 440, 441. 
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IPOdB— continued. 

method of registering. Backhonse, N. 438. 

olMervatioDB by Cruickshank. N. 416| 417. 

scum connected with. King, N. 405. 

seasonal distribution. Blakiston, N. 394. 

seasonal occurrence. N. 364. 
HAZE : Billeb. B. 180 ; Moore. N. 862 ; 
Prestel, B. 185 ; Schiefferdecker, B. 186. 

caused by particles in air. Anderson, N. 390. 

prevalence in, B.C. 44. Hind, N. 408. 
HIIjIjS : influence in inducing rain. Eaton, 

N. 314, 316. 
H0AB-FB08T. B. 180. 

with high air temperature. Burder, B. 443 ; 
N. 418. 
HOUGHTON FABM EXFEHI- 

MENTa 306--308. 
HUMIDITY. B. 181, 182 : Ainsworth, N. 
286 ; Bnchan, N. 353 ; Hinds, B. 180 ; Lichten- 
stein, B. 184; Prestel, B. 187; Regnault, B. 
187 ; Russell, B. 177 ; Schiibler, B. 179 ; Ser- 
pieri,B. 182. 

absolute and relatlye. Herschel, N. 325. 

action on plants. Toscani, B. 183. 

and its relation to exceptional periods of 
temperature. Bloxam, N. 333, 334. 

and its relation to temperature during the 
formation of dew. N. 399, 400. 

and ozone. Barona, B. 185. 

and wind. Suhle, B. 187. 

and woods. Maclaren, N. 309. 

as demonstrated by spectroscope. L. N. 391. 

as detected by spectroscope. Smyth, N. 898. 

as indicated by coffee-plant. N. 402. 

as indicated by heat. LyeU, N. 373. 

as indicated by plants. Morgan, N. 414 ; 
Mosely, N. 414. 

as indicated by rhododendron. Semenof, N. 
847. 

as indicated by steppes. N. 402. 

as indicated by sugar-cane. Temple, N. 
347. 

as regulator of birds' habits. Ley, N. 402. 

H8 regulator of distribution of forests. N. 
415. 

as regulator of path of barometric depres- 
sions. Ley, N. 401, 402! 

at 4, 22, and 50 feet. Glaisher, B. 187. 

at diiferent heights. B. 44*2. 

at sea. Coupvent des Bois, B. 184. 

average connected with rain. N. 398. 

cases of extreme lownees. Compton, N. 
879 ; RyTes, N. 397 ; Stow, N. 363 ; Strachan, 
N. 897 ; Symons, N. 363. 

correction in electrical observations. Pal- 
mieri, B. 183. 

curve, coincident with that of temperature. 
N. 371, 372. 

curve, nearly the same as that of lightning 
without thunaer. Buchan, N. 373. 

damp, stagnant air unhealthy. Symons, 
N. 415. 

decrease with height Hann, B. 188. 

decreasing. Murphy, B. 442. 

diurnal period. Chan d less, N. 385 ; Ruben- 
son, B. 442. 

in 1871. Dove, B. 187. 

in 1875. Dove, B. 442. 

in California. Coulter, N. 287. 

in connection with Australian plants. N. 
433. 

in connection with squalls. Osbom, N. 313. 

in connection with temperature. N. 417 ; 
Cantoni, B. 443. 
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HUMIDITY— continued, 

in connection with weather. BocIl 
8«^— 360. 

increased by solar eclipse. N. 815. 

in cyclones, partly due to condensati 
rarefaction of air. Abercromby, N. 3 
442. 

indicated by leafiness of trees. Lirii 
N. 309. 

influence of dew on its diminution. 1 

influence of forests. N. 403; Bro 
442; Fautrat, B. 442. 

influence of moon. Emerson, B. 187 

influence of mountains. N. 402 ; € 
N. 401. 

in Lidia, Africa, etc. Sykes, N. 300. 

in town and country. Wislizenus, B 

in local distribution. N. 428. 

in Melville Island. Campbell, N. 28' 

needles, dUute sulphuric acid, and 1& 
indicators of dry air. Wilson, N. 347. 

of winds. N. 399. 

of winds, changes slowly. FitzRc 
315. 316. 

of wooded areas. Hilhouse, N. 286. 

over pines. N. 400. 

over trees. N. 427, 438. 

relative. N. 433. 

relative tables. Dymond, B. 444 ; G 
B.444. 

spring levels not influenced by. N. < 

to heights of 1,000 feet. Glaisher. B 

way to compute mean. Griffith. N. .' 

HYGROMSTEBS. B. 180 ; N. 42: 
DanieU, B. 179, 181 ; N. 295—297 ; DL 
394 ; Franklin, B. 177 ; N. 192 ; Mor 
184; Pfeiffer, B. 188; Prinsep. B. 
Whitehouse, B. 188 ; Zylius, B. 17». 

Alluard's. N. 407 ; B. 442. 

Bogen*s. Marriott, B. 442. 

Chemical C. N. 390 ; Whipple, N. 3 

DanieU's. N. .S92. 

Koppe's. N. 408. 

Prestel's. Davis, N. 390. 

Schwackhbfer's. B. 442 ; Whipple, 

Snell's. N. 384. 

error due to moisture. Kesteven, N. 

in South Kensington Museum loan 
tion. N. 400, 401. 

realized in rope lifts. Fuller, N. 3k(». 
HYGROMETRICAIi MEAKS . 

CONSTANTS. Capelli, B. 184. 
HYGROMETRY. N. 305 ; Baumha 
186, 187 ; Bobe-Moreau, B. 178 ; Buch 
848, 362, 353; Colson, B. 181: Dani. 

181 ; De Luc, B. 179 ; Espy, B. m) ; G 
B. 178 ; Humboldt, B. 180 ; Kamtz, B. 
Koppe, B. 443; Majocchi, B. 181 ; Mn 
B. 442 ; Prinsep, B. 179 ; Regnault, B 

182 ; Kenny, B. 182 ; Saussure, B. 17; 
Scharpenzeel-Thira, B. 181 ; Shortrec 
181 ; Symons, N. 415 ; Tabourin. B. 
Vogel, 182. 

HYGROMETRY AND HY 
METRY. Williamson, B. 185. 
experimental observations. N. 40J. 
formulae. Everett, B. 187. 
gradients required. Stevenson, N. 3i 
observations at Kew. N. 385. 
reliable instruments wanted. N. 395 
reliability of instruments. N. 395. 31 
tables. Glaisher, B. 181, 186, 442 
riott,B. 188; Russell, B. 185; Simmond.s, 
volumetric method. Whipple, N. 43: 
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in connection with auroras. N. 330, 331. 
I^TS (injurious) : circular, 227—23 0. 
ilN^OUS COIiOXJKED EFFECTS 
•ER SUNSET. Blackmore, N. 347. 
IS^OUS SNOWFIiAKES. Wald- 
s. 391. 3^2. 
CKY, 207, 208. 
B. Buchan,N, 853— 355; Herschel, N. 

ly period. Raimondi, N. 371. 
sonal occurrence. English Cjcloptedia, 
1. 

TITRE OF OBOUNU, as indi- 
bv Mauritia. Schomburgk, N. 289. 
ilNOIjOOY : circular, 226. 
HROMETEB. Becouerel, B. 186. 
in forecasts. Labrosse, B. 184. 
HKOMETKY . CapeUi, B. 183; 
trdt. B. 180 ; Rubenson, B. 442. 
les. Capelli, B. 185. 
: drops increase by moisture rushing 
artial vacuum behind. Ingram, N. 391. 
"s off vapour rather than condenses it 
falling. Stow, N. 389. 



RAIN* — continued. 

how induced by hills. Eaton, N. 314, 315 ; 

English CyclopsB^ia, N. 315. 
•R.A fMh* AT. T. : cause of greater amount at 

lower levels. Chambers, N. 379. 
circular, 223—227. 
same at all moderate heights above ground. 

N. 428. 
SCIENCE JOURNAIi. 337. 
SCIENTIFIC SOCIETIES : circular 

issued by conference of delegates. 221 — 230. 
report of conference of delegates, 1882. 

267—269. 
SICKNESS AND DEATHS: systematic 

study of causes of. Baker, 269, 276. 
SKY : systematic observation of. N. 375. 
STARS : scintillation. Montigny, B. 443. 
SUNSET COLOURS as weather signs. 

Ley, N. 420. 
TORNADOES. Fmley, 231—239 ; B. 444. 
WEATHER : forecasts. Ley, B. 443. 
YEIjIjOWS of peach tree : ques- 
tions. 307, 308. 
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THE present number of this periodical does not show seyeral of 
the special charactoiistics which will be developed in due course. 
A sample or two of the Notes may bo given hero for the purpose 
of giving some insight into their scope and into the method of 
treatment. We select at random some ][)U88age8 i-elating generally 
to aqueous vapour as an element of climate : — 

Hopkins, T.—Joumtd of the Boffal Oeograpkieal SoeiHy, xxvhl (185a) 

CPage 362.) There are oertain elevated lands which form areos of condensation 
of vapour, towards which the trade winds and monsoons blow. Theee winds 
become loaded with vapour, which they have picked up from the water they 
have passed over ; they have been traced back to their apparent places of origin. 

{Pcige 370.) These areas of condensation must almost necessarily be areas where 
the air is deprived of a large portion of its moisture, and ascends upwards into 
the higher regions where the cold deprives the air of a further proportion of ittt 
aqueous vapour, so tliat when it descends again it is vory dry. Wherever there is 
a rainy region this action must be going on, and in the colder latitudes, such as 
Great Britain is in, every thunderstorm produces an upward current, but the 
air probably soon descends again, as fine weather follows a few hours after the 
storm, and the air has become drier. 

Moseley, H, JSr.-^Noiet of a NaturaliH o» the <* Challenger.'* (1870.) 

(P<ige 45.) On many mountains the distribution of plants is mainly dependent 
on the gradual increase of moisture with height, as in St. Vincent and Ascension. 

(Page 226.) In high arctic latitudes there is little cooling at night, owing to 
clouds and mists preventing radiation. 

The two volumes above citod hare been searched through for 
everything they may contain on the subjeot. The result of the 
search is expressed in a veiy short compass. The information cannot 
be found by consulting the indexes to the volumes themselves. The 
only way to obtain it, so as to ensure the probability that the lack 
of information in the Notes shall represent its absence in the books, 
is by analysing them. This would involve such an expenditure of 
time and distraction of thought from the purpose in hand, that the 
task would be in most oases unattempted. Here, however, tho work 
iii done. There is no great difficulty in finding the statements, a very 
short time is required for their perusal, and, as extraneous matter is 
excluded, the roader is able to give bettor attention to them. If, 
then, in this instance, the plan of systematizing Notes economises 
time, labour, and thought, its general application must be of con- 
siderable advantage to many persons. Many other ways of usefully 
applying the Notes might be specified, but space prevents any further 
details being given here. 







THE SCIENTIFIC ROLL. 



The iiiaiD purposes of this Maj^azino are to facilitate research, and to aflbrd a 
medium by uie-ans of which Scientific enqnircrs may help each other. 

The first object will be effected by broadly classifying the Sciences, and 
grouping the various items} uuder Specified Ueailing», so a!s to form a single series, 
so arrangfid that any person consulting the work will find collected in one place 
a Key to the literature of the subject (.•umprised in each Heading. 

The seormd object will be offected by the usual method of Questions and Answers. 

Kaeh Science which is considered will be subdivided into a number of Sections, 
and each sucli Section will have a Part of the Magazine devoted to it. Tlds 
will enuhle persons who wish for inftirmatiuu on a limited range of subjects to 
purchase the portion of the Mignziiie relating to it at a small cost 

The Magazine commences with Meteorology, a knowledge of which is of great 
importance to many oliis»^ of people. The sailor and the farmer, the doctor and 
tlic invalid, the engineer and the emigrant, each and all have frequent reasons for 
en(|uiring as to what is known on many meteorological topics. It ia from these, 
n« well as from meteoMhigists, that the ** Scientific Boll " seeks for support ; and 
it is only by means of a hu^e circulation that the plan which has been formed can 
be fully carried out. 

The snbject-matter of the earlier parts of the *' Scientific Boll " will be as 
follows : — 



Part I. General. 
„ II. Aqueous Vafoi'R, including 

HUMIDITT, DeWPOWT. ClOUDS^ 

Fogs, Mists, &o, 

., III. Babometrical Condition. 

IV. CAmta>Nic Acid and Ciieuical 
Kays. 

V. Dust Haze. 

VL Ei.KCTKiCAL Condition, includ- 



»» 



Part VII. Hailfall. 
„ VIII. LtTMiKOUs Bats. 

„ IX. Miasma. 
„ X. Ozone. 
„ XI. Bainfall. 
„ XII. Snowfall. 
„ XIII. Temperature. 



ing Thunderstorms. I „ XIV. Wind. 

Each of these Parts will relate to the subject generally. The Parts following 
these will deal with the Climate nf each country. 

It should be borne in mind that Climate only is dealt with in these Parts, so 
that p. r-ons wishing for information us to the phy.sical and other properties of 
Aqueous Vapour or of the Structure of a Hailstone, or as to how a Barometer is 
formed, niav not find anything, beoanso the proper place for such details is under 
other Sections of the ** Scientific Boll." Thus all the details relating to Aqneons 
Va[wir which are not climatic will be found in the Section which wiU be devoted 
to Water, should the *' Scientific Boll " reitch that stage. Again, the formation of 
Barometers, and other M«'teorological Instruments, have their place in the classifica- 
tion here adopt'd under Man. 

The MetjHimlojfical Section of the •• Scientific Boll *• is, then, not an isolated 
fragment, but the principles upon which it is conducted are bsised opon a classifica- 
tion which has been applied to all the Natural History Sciences. The Systematized 
Notes Scheme is not a more cruilc propostil, but it is one that has already been 
practiciilly applied over a very largo field of knowledge. 




*^* Number 2 will be ready on February 11th, 1881, price Is. 

TJie Subscription price for Vol. I. i» Is, 6d., payable in advance to A. Ramsat. 
Fttr persons resident in the Colonies and Foreign Countries the Subscription price 
for the Volume is 10«. 
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To Authors^ PuhUsh€7\^j Librarians^ Committees of Scientific 

Societies, and Scientists generally. 



FTHIE Conductor eolicits help in tbe prosecution of tho task 
•^ M^liicli he has undertaken. 

Authors would afford aid hy farouring him with lists of the 
articles and books written hy them, specifying the dates of publica- 
tion, and in tho ease of pajKjrs the days on which they were read 
before tho several Societies. Still more valuable help would be 
jjjiven by ihcir fonvarding copies of their literary productions. 
Thoijie would be returned, if required, after they have been i*ead. 

rnbliKhers would oblige by sending Catalogues of their scientific 
pnblifationH, 

Librarians would afford aKsistance b}' obliging the Conductor with 
Catalogues of the lihrariis inubrr their cbarge, more especially such 
as have the titles arranged according to stibjects. 

The Ciimniittees of Societies are asked to send copies of their 
transactions, fur which copies of tho ** Scientiiic EoU " will bo 
retiu'ncd in excliange. 

And Scientists generally could help by bringing the existence of 
the work to the notice of their acquaintance, more especially thoso 
who TOHi^le in out of the way jdaces. 

riOBpectuKCfi and samples of the " Scientific Roll" will be forwarded 
to any persons willing to give such assistance. 



THE present niimhcr of this periodical does not show several of 
the special cLaractcii.siics'whieli will be developed in dno course. 
A sample or two of the Notes mny Ikj given here for tlio pnrjioKo 
of giving some insight into their scope and into the metliod of 
treatment. Wo select at random some pasrsages relating generally 
to aqueous vapour as an element of climate : — 

Hopkins, T.— Jou maZ 0/ the lioyal Geograithical Society, xxvui. (1858.) 

(Page 362.) There are certain clevatctl lunda which foim aroas of comUnsation 
of vaj:our, towards which the trade winds and monsuons hlow. Theeo winds 
l»€come loa^Ied with vafour, whicli they have picktd up from the water thty 
have passed over ; they have been traced l»ack to their apj arcnt places of origin. 

(Page 370.) These areas of condensation mnst almost necessarily l»e areas where 
the air is deprived of a large portion of its moisture, and ascends upwards into 
the higher regions where the cold deirives the air of a further 1 rc»i»ortion of its 
aquecjus vapour, so that when it descends again it is very dr>'. "Wherever there is 
a rainy region this action must bo jroing on, and in the colder latitudes, snch as 
Great Britain is in, every thunderstorm prc»duc(s an upwanl current, but the 
air pr(»bably soon descends apain, as line weather follows a few hours after tho 
8tonn, and the air has become drier. 

Moseley, H. "N.— Notes 0/ a KaturalM on the ''Challenger:' (1870.) 

(Page 'lo.) On many mountains the »iistribntion of j'lants is mainly dej endent 
on tho gradual increase of moii^turc with height, as in St. Vinant and Asceubion. 

(Page 226.) In high arctic latitudes there is little cooling at night, owing to 
clouds and mists x)reventing radiation. 

The two volnmes above cited have heen searched tbronirh for 

a 

everything they may contain on the subject. Tho result of the 
scorch is expressed in a very short compass. The iufonuation cannct 
be found by confcnlting the indexes to tho volumes themwlvcs. The 
only way to obtain it, so as to ensure the j)robabiliiy tlint the hick 
of information in tho Notes hhall represent its abjieucc in tin.* books, 
is by analysing them. This would involve such an expenditure of 
time and distraction of thought fiom the }uiii>oko in hniid, that tho 
task would 1x3 in most cases nnattempted. Here, however, the* work 
is done. There is no great difliculty in finding tho statements, a very 
short time is required for their peinsal, aiid, as extraneous matter is 
excluded, the reader is able to givo- hotter attention to theni. If, 
then, in this instain'C, the plan of systematizing Notes eeon(jniiKe8 
time, labour, and thought, its general application must ho (»f con- 
hiderablo advantage to many persons. ^lany other ways <jf ustfully 
applying tho Notes might be .specified, but space prevents any furtlier 
details being given here. 




THE SCIEXTIFIO ROLL. 



The main purposes «.»f thi-» Maimzino uto l«» fucilitut(t resfarcli, and U* afford a 
medium }>y lui'aiid of which Scieii title (*ii(|iiir(>rd iiiiiy hi'lp each othtT. 

Th(» first objt'ct will ho «-ir«'i'ti\l by ]»wudly Has4fyinc: the Scivii'^cs, an I 
f;r<iiii)ini; the variou'i ilcnis imdcT Spi>citied 1 leadings, sd as to form a »in!;ic i^oriti!, 
so arr;m>;<'d tliat any p«TJ»'.«ii ofiabultiiig th«» work will iiud i'ollectcd in one placo 
a Kt'V to tlK> litoraturo of the £iihjiH*t oom]>riss«I in cucli llcadin;;. 

Tho stv.ind i»l)ji.'rt will ho i:flVct»'d hy the usnal Tiiothud of Quostionrsand Answers. 

Ka"h Si'iiMict^ whieli is considero«l will be sublividt'd into a nnmlK-r of Seotj-ms, 
and each »u<'h Sf.!.'t juu will huvf a J'art of tho Mii>,'ai/ino d«.V'»t'.d to it. Tla* 
will «»n:ibh» iH'r.sons who wish for inf'-rin'itiou on u ll'iiiti'd range of snbjoctb t-.t 
purehaso tho jNirtion of the Mi;.Mzine relatin,:; t«> it at a small rost. 

Th<» Maii^azinc comm<n<\*8 with Molooroli».iry, a knowl'ljro of which is of fnv-vA 
importance to many elapses of p"ojilo. The ^:ailor and the* fanm-r, the d^^ctor antl 
ti.«; invalid, the enjiincer and the ('miL''n(nt,oac)i and nil have fn-qnont rea-jon* t'»T 
Liiiinirin):: a.s to what it) kn<iwn on many metet>rolo;ri(»al topic.''. It is from tlifW», 
ari Wfll as fn»m metooMlo|»i.-5ts, lliat thii ** Seientilir* lIoU ** J-ivks for support; and 
it is oidy bj nu-.ina of a Lir^^o circulation that the plan which has been ionuv.Hl cau 
Ih.^ fullv carried »)ut. 

Tho hubjcct-maitvr of the <i:»rlicr parts of tho *• Sciintilic Roll'* will Ik? a3 
follows; — 



i» 



Tart I. CiKNKKAL. 

II. Aofi>irs VAiriin, including 
lltMllHTY, Di:wi'i»n?T, ClOI'I'S, 
F«»«;>, Mis IS, Av. 

III. JS.NnOMI.IKI'Ali CONPnio!^. 

IV. i"\i:i:«'Nii: A«;n» anf> CnhSHr.Mi 

llAV.^. 

V. l»isi Ha I. 

VI. Ia.\i ti.:«'\i. <'oni«!TIo\% i:iclnd- 
h:-^ Tin .M»lJ.-n »!;>!.<. 



VtiYt VI r. Hailfall. 
„ VIII. LtM INCH'S Rats. 

„ IX. Miasma. 
„ X. O/nsT., 

„ XI. K AIM ALL. 

,. Xll. Snowiall. 
,, XIII. Ti:Mri '.{.\TniE. 
„ XIV. WiM.. 



Each of tii.-.» Triris will rcbili. t.- <:.c subject generally. The Paits foUowinj; 
tli(.>»' will d«".»l with the (.liniali »f »:icii c«i:iutry. 

It.-honld I'c b.»ni.- in i-.ind tb^t ( limate only is dcnlt with in tl. cse Part.**, fo 
that p«rs<Mis wl«*liin.ir for inJoimatitm uh ti» the phy.-ic.il «nd other prop* -rtits of 
Aipnoii.^ Naponr or ot the Strn inr,' i.f a Hnils-t'»ne, or jk In how a IJaioiu* tcr i.-* 
f'-niicd, niav not Imd anvtiM.-.i'. 1.c'*;hh«- the proju-r pl:u-c f.'r bucli d<taiN is unikr 
i.thrr Section-* o\' <li.- "*S.-i. utitlc K'mI!.'* Tims all the details rlatiT.j; to A^uccus 
Vapo'ir wbl'h Mn-n.'t iHi.idicwi'l ■• fvm.l in tl.c ^c-iion whi-h will I.0 dcv«;tnl 
t..>V.!itr, .-^h. mjM tlic ••Sci.sii.i'l^ IMl* :.-.;.li thtH .-t:ii:f. Airain. the forni.stion of 
Jiununii r.-i. tiiiil •••licr M'tcM-.jl'.:rii.Ml li-uuiucnts, have ili'-ir pbicu in tho clastfilica- 
tj'»:i ].«r«. j'dijifil umliT ^l.'H. 

'l'i.<- M.f. .-.il .,ri«':.l S, ..t:o- .f 111 • •♦Sci.ntliV". \W\'' is, then, not an i-^obt.d 
Ir.iL'i.'uMt, lint til" I'M!! ip-.-s uj..)'! v:ii« li i; is coiidn'Mcd arc b.i.-»-d up »n a cla'*-iticii- 

iMn wr.i- 1. I.:..' I u ai'j»li'd t '. ;ill *•.- N:i1nral HiViry Sciences. The SyMi iu:iti/«-'l 

.N«-|.N '^.•■Inia.' :v: not :i ni' ;« .rn.!.' ])i.'h.«-.il, but it i< one thai ha* aln:uly bccu 
pruMii'ilh a]';]:-.! nvi-- c. v- vy i-.-r.-; i.. 11 i-i Unov.l.-.l^o. 






" ' Vi",'.r :: \si\\ I" r- -Iv . •: Miv lUli. l^^l, p-ice 1*. 



77«' .<i.h^"r>'f't'nn jto-r j.,r V-.i. 1. /« 7- »*'?., ytirihl-: in tt'lran^" io A. Ram>ay. 
fur th" V«»i.r>ii. /.- ]:•>•. 
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To Authors^ Puhlishers^ Librarians^ Committees of Scientijic 

Societies^ and Scientists generally » 



rjlIIE Conductor solicits help in the proseention of the task 
-*- which he has undertaken. 

Authors would afford aid hj fayouring him with lists of the 
articles and books written by them, specifying the dates of publica- 
tion, and in the case of papers the days on which they were read 
before the several Societies. Still more valuable help would be 
given by their forwarding copies of their literary productions. 
These would be returned, if required, after they have been read. 

Publishers would oblige by sending Catalogues of their scientific 
publications. J 

Librarians would afford assistance by obliging the Conductor with 
Catalogues of the libraries under their charge, more especially such 
us have the titles arranged according to subjects. 

The Committees of Societies are asked to send copies of their 
transactions, for which copies of the "Scientific Boll" will be 
returned in exchange. 

And Scientists generally could help by bringing the existence of 
the work to the notice of their acquaintance, more especially those 

■ 

! who reside in out of the way places. 

Prospectuses and samples of the ** Scientific Boll " will be forwarded 
to any persons willing to give such assistance.^ 



THE present niiniber of this periodical does not show several of 
the special cbaractei istics nvhicb will be develofied in duo course. 
A sample or two of the Notes may bo given here for the purpose 
of giving some insight into their scope and into the method of 
treatment. We select at random some pue^sages relating generally 
to aqueous vapour as an element of climate : — 

Hopkins, T.— Jovmai 0/ the Boifol Geograpkieal Society, xxvui. (1858.) 

(Page 362.) There are certain elevated lands which fotm areas of condensation 
of vapour, towards which the trade winds and monsoons blow. These winds 
become loaded with va[:onr, which they have picked up from the water they 
hare passed over ; they have been traad back to their ap{ arent places of origin. 

(JPage 370.) These anas of condensation muBt almost necessarily be areas where 
the air is deprived of a large portion of its moisture, and ascends upwards into 
the higher regions where the cold deprives the air of a further proportion of its 
aqueous vapour, so that when it descends again it is very dry. Wherever there is 
a rainy region this action must bo going on, and in the colder latitudes, such as 
Great Britain is in, every thunderstorm produces an upward current, but t))e 
air probably soon descends again, as fine weather follows a few hours after the 
storm, and the air has become drier. 

KoBoley, H. TX.—Notf of a NaiuralUt on (he <* Challenger J* (1879.) 

(Page 45.) On many mountains the distribution of plants is mainly dependent 
on the gradual increase of moisture with height, as in St. Vincent and Ascension. 

(Page 226.) In high arctic latitudes there is little cooling at nighty owing to 
clouds and mists preventing radiation. 

The two volumes above cited have been searched through for 
everything they may contain on the subject. The result of the 
search is expressed in a very short compass. The information cannot 
be found by consulting the indexes to the volumes themselves. The 
only way to obtain it, so as to ensure the probability that the lack 
of information in the Notes bhall repi'esent its absence in the books, 
is by analysing them. This would involve such an expenditure of 
time and distraction of thought from the pui-pose in hand, that the 
task would be in most cases unattempted. Here, however, the work 
is done. There is no great difficulty in finding the statements, a very 
short time is required for their perusal, and, as extraneous matter is 
excluded, the reader is able to give better attention to them. If, 
then, in this instance, the plan of systematizing Notes economizes j 
time, labour, and thought, its general application must be of con- 
siderable advantage to many persons. Many other ways of usefully 
applying the Notes might be specified, but space prevents any further 
details being given here. 



SCIENTIFIC EOLL. 



Till: main purposes uf tliis Mnsrazinc iiro to facilitnte researcli, and to a£ford a 
iiii^dhiin by niiiins of wliich Scleiitilio cuquirers may help each other. 

Till! first ohj(*ct will be effected by broadly cladsifying: the Scicnres, and 
^rii!ipiri«^ tho vurioii;! itt^ms under Specified Headings, so as to form a single series, 
M) arran;j|:od fliat any {icrson cimsultin*; the work will iiud collected in one place 
(I Koy to the literature of the subj«rt cumprised in each Heading. 

The second object will be effected by the usual method of Questions and Answen. 

l*Iacli Scieniv which is considered will be subdivided into a number of Sections, 
Mini eafh such Section will have a Piirt of the Ma;;azino devuteil to it. This 
will eiiublo {KTSons who wish for information on a limited range of subjects to 
]iurchase the ]K)rti(>u of the Mugnzlne relating to it at a small cost. 

The Magazine commences with l^Teteorology, a knowledge of which is of great 
importance to many clusses of people. The saiilor and the farmer, the doctor and 
the invalid, the engineer and the emigmut, each and all have fn-quent reasons for 
(iKpuriiig as to what is known on many meteorological topics. It is from these, 
as well as from meteorologists, that the ** Scientific Roll '* ^eeks for support; and 
it is oTily by moans of a large circulation tliat the plan which has been formed can 
lie fully carried out. 

The Hubjeet-niatter of the earlier parts of the ** Scientific Roll " will bo as 
follows : — 



Part I. (lENEUAL. 

„ IT. Aoi'Eors Vapokr, including 
nr.Mn>iTT, Dewpoint, Cloitds, 
FoKs, Misi^s, &c. 

., III. lUllOMETRICAL CONDITTOX. 

,. IV. ('autw)Nic Acip and Cjibmtcal 
Uays. 

V. Di'ST IIaxc 

„ VI. Ki.rcTuiCAi. (^^^'DITIO^^ incliid- 
in;j: TriUNnKisTORMS. 



"o 



Part VII. Hatlfau.. 
„ VIII. Luminous Rats. 

„ IX. Miasma. 
„ X. Ozone. 
,. XI. Rainfall. 

,. XII. Snowfall. 

„ XIII. TEMPEBATfRE. 

.. XIV. WiNP. 



Kach of the>o Parts will relate to the snbji.-ct generally. The Parts following 
these will dt^l with tlio Climate of wieh country. 

It .«honld bo l)orno in mind thnt Climate only is dealt with in these Parts, so 
that pi rsons wishing for information as to the physical and other projK'rtios of 
AqucMiiiH Vapour, or of the Structure of a Uailstone, or as to how a Barometer i.^ 
fonued, mav not find anvthinu:, becaii.«!e the pn)per place for such details is under 
other Sections of tin- ''Seientifio Roll." Thus all the details ndating to A<iucoua 
Va|M)ur which arc not climatic will Le found in the ^^oction which will be devoted 
to M'nter, should the " PcicHtific Roll " reach that stage. Again, the formation of 
Rarometer.^, and other M«teorologiral Instruments, have their place in the cln!»sifica- 
tioii here adopt* d under Man. 

'J'Ih' Metivimhij^lr'al Section of tlie ** Scientific Roll " i.^, then, not an isolated 
frapjiiient, but the prinefph-s \\[)vn which it is conducted are Ixised upon a dtwaitica- 
tioii which Iia.s Ikjcu ai)piiiMl to all the Natural History Sciences. The Systematize 
Notes Sehemo is not a mere eruile proi>osiil, but it is f»no that has already been 
pmcticully applied over a very lar^e tii:M of knowledge. 



*.* Xiiniher 4 will be ready on Aui^ust 11th, 1S81, price Is. 



lliv i^uUnriptiou pure for Vol.. I. is 7.". lid., j)ai/rt/>?fl in advance to A. Ramsat. 
For persom rum'dmt in fhi Cvlnnie.n awl roreitjn Countries the Snhscrijttion jmce 
for the Volume «x lOx. 
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THE 



SCIENTIFIC EOLL 



AND 



IHiiga^inc of Snstcmal^ctr |Iotcs. 



CX)XDUCTED BV 



ALEXANDER EAMSAY, F.G.S. 



CLIMATE. 



VOL. I. 



' Let there 1ms trutli autl lot thove by orler: for truth anl orucr reirulato 
all thiDgs ia the realm of nature, and tho'lawsof niturc am tho vi;>tble 
exprcMioQ of the active thoughts of God« 



$)ubli^Ijrlr far \%t propttrtar bn 
BRADBURY, AGNEW, ^ CO., 10 BOUVEBIE STIIELT, LOXDOJ 




[*l;V rlihlz ;Yi.rrt.J.] 



Price One shilwng. 



To Authors J Publishers j Librarians j Committees of Scientific \ 

Societies^ and Scientists generally ^ \ 



rnilE Condnctor solicits help in the prosecation of the task 
-^ wliich he has undertaken. 

Authors w'ould afford aid by favouring him with lists of the 
firticles and lx)oks written hy them, specifying the dates of publica- 
tion, and in the case of pajH^rs the days on which they were read 
b('f(;ro tlie several Societies. Still more valuable help would be 
j^iven by their foiwardiiig copies of their literary ^productions. 
These would be returned, if required, after they have been read. 

rnblishcrs would oblige by sending Catalogues of their scientific 

publications. 

Librarians would afford ass-istance by obliging the Conductor with 
Catalogues of the libraries under their charge, more especially such 
as have the titles arranged according to subjects. 

The Committees of Societies are asked to send copies of their j 
transactions, for which copies uf the " Scientific Ii(»ll " will be 
returned in ex change. 

And Scientists generally could hclj) by bringing the existence of 
the work to the notice of their acquaintance, more especially those 
\vli(> ixsido in out of the way ])laces. 

IVl'S] »ectusrs and samples of the " Scientific IJoll " will be forwaixlcd 
to any persons willing to give huch assistance. 



THE present number of this periodical does not Bhow 'several of 
the special t^baractcriatics vhich will bo deTclo][iec} in due course. 
A sample or two of the Notes may Ijo given here for the puq)0Be 
of giving some insight into their scope and into the method of 
treatment. We select at random some pat^sagcs relating generally 
to aqueous vapour as an element of climate : — 

Hopkins, T.-— JbutTioi oj the Boyal Geograpkiedl Society, xxviii. (1858.) 

(Pn^e 362.) There are certain elevated lands which form areas of condeus^tion 
of vaix)ur, towards which the trade winds and monsoons blow. Thct>e winds 
become loaded with va|H)ur, which they have picked up from the water they 
have (tasscd over ; they have been traced hack to their api>arcnt places of origin. 

(Page 370.) These areas of condensation must almost necessarily be areas where 
the air is deprived of a large {lortion of its moisture, and ascends upwards into 
the higher regions where the cold deprives the air of a further ])roi)orlion of its 
aqueous vap<.»ur, so that when it descends again it is very dry. Wherever there is 
a rainy n^ion this action must be going on, and in the colder latitudes, such as 
Great Britain is in, every thunderstorm produces an upwani current, but tlic 
air jjrobably soon descends again, as fine weather follows a few hours after the 
storm, and the air has become drier. 

Moseley, H. N.— Notes of a Naturalitt on the *' Chanenger,"* (1870.) 

(Page 45.) On many mountains the distribution of plants is mainly dejx'ndeiit 
on the gradual increase of moisture with height, as in St. Vincent and Ascension. 

(Page 226.) In high arctic latitudes there is little cooling at night, owing to 
clouds and mists preventing radiation. 

The two volumes above cited have been searched through for 
everything they may contain on the subject. Tlio re>ult of the 
search is expressed in a very short compass. The information caimct 
be found by consulting the indexes to the voluniis themselves. The 
only way to obtain it, so as to ensure the prolmbility that the lack 
of information in the Not^s fchall represent its absence in the books, 
is by analysing them. This would involve such an expenditure of 
time and distraction of thought fiom tlio pui-pose in hand, that tho 
task would be in most cases uuat tempted. Here, however, tho w{»rk 
is done. There is no groat diilicnlty in finding the statements, a very 
short time is reciuircd for their perusal, and, as extraneous matter is 
excluded, the reader is able to give l»citor attention to them. If, 
then, in this instance, the plan of systematizing Notes economizes 
tim*», labour, and thought, its general application must bo of con- 
siderable advantage to many persons. Many other ways of usefully 
applying the Notes might be specified, but space prevents any further 
details being given here. 



f^ 







THE SCIENTIFIC ROLL, 



I'iiK main pnri>o.sed of thin Ma«:nzine are to facilitate research, and to aiford a 
nudimti by luumd of wliieb Seieutitio ciK^uirerd muy help each other. 

Th»? tlfHt object will bo elfcdcl l)y broadly claasifyingj the Sciencesi, and 
LTotipiiii^ thr various iti'ina under Spocitie<l I leadings, ho as tu forui u single aerit-a, 
.''O aiT.(ii^>'d that any iK.'rsou cmiAulting the work will llud coUccttfd iii cue place 
u Kt y to the literuturo of the Hubjcot cumprirKxl iu each Ileading. 

The second olvji-ct will be ctlcotcsl by the usual method of Questions and Answers. 

Each Science which is con8i<lcro«l will be sulxlividcd into a numbt-r of Sections, 
aiirl oaAi such Hoction will hnvo a Tart of the ^Ia«;aziue devoti-d to it. This 
will cnublc (KTrionH who winli fur infcrmition on a limited range of subjects t3 
puic'h;.ide the portion of tlie M-ignzine relatiuji; to it at a Mnall C0i>t. " 

The Mu.t^azhie cumoicnceM with ^reteorolo^jy, a knowlinlge of which is of jn"i.nt 
i]npi>rUini.'e to many chiSM-s of people. The sailor and the larnicr, the d*^tt»r and 
ti.i- iiivnlM, the cngintcr unil \\Ui emigrant, e-ach an«l all have frtquent reasons fi»r 
( ri([uirin>( ns to what is kuuwn on many meteorological topics. It is friiiu thi-ke, 
us wi-11 ns from iu«Ue«>rolugi&trf, that the **Sclentiflc l^)ll" hceka for support; and 
it is only by nuxins of a large cirfulatiuu that the plan which had been formed can 
l-Kj fnllv carried out. 

The subject-matter of the earlier parts of the "Scientilic Roll" will bo as 

ft •! lows: — 



Tart I. (iKNEHAL. j Part VII. Hailfall. 

„ II. A.iih'Mx VAroiij. imluding i „ VJ 1 1. Luminous Kays. 
llrMiinTY, Ukwwunt, Clouds, ' 
Korts, M Is IS, &c, 

., III. I»AR()3ii:ruirAL Condition. 

„ IV. Caiii:')N:o Acid and Ciilmical 
Uays. 
V. T)r>T Haze, 

,. VI. Mi.ucTKiCAi. Condition', inchul- ■ '» ^ ^ 

iig TiirNui:!:.SToi.'Ms. j „ XIV. Wind. 



,, IX. Miasma. 
„ X. Ozone. 

,, XI. Uainfall. 

„ XII. Sn»)Wfall. 

XIII. TaiPEItATUUE. 



Ivich of tlii'si- Tarts will r«;lato to the snbj.et gcnemlly. Tho Part? f.ill.i Ainu 
tiHve NNill drai With the Climatt! of ladi ctamtiy. 

It sliMuld l't» ImTiH' ill niiinl tli:it Climate only is dt-.dtwith in tlicso Parts, j*t 
that ]i r-oiis wiahiiig for inloiination as to the pIiy.MCal auil other properties of 
A'iM'otm V:ipour, or ot Iho Stra«'iii:v of a Hail-stone, or as to how a lUronirter is 
f.»i}.i-.l, may not liml anytliiiiir, bicaiiso tho pn>j»er i)iace for such details is umkr 
i.lM.r S«'ti»»ns <»f tln^ "'Scifaitirie Koll." Thus ull tiie details relating to A'picm-ii 
Vaoo'ir N\lii<-h are not i'lini:itirt will I <• found in the ."ection which will tic dirvotril 
t » N\:t.T. .-iLouM the '* S<Mt.a1i;i.' io'H** rea-h that .^ta.^o. Again, the forniatioji ot' 
l;.r.:i»i :< Ts, a!iil rithrr iM"ti-.)ri.)i"':;(Ml I:i&tiunients, have their phico iu tlie ela.saili»-a- 
t.o:i iicrt! a<l'»["t d un«Icr 3Lin. 

Th- M«tMM. lo-i.jil Srcti..:i i.[' th- " Srit-ntific lloll " is, then, not an i>!.i!atod 
frML'i.n lit, but tiio priaciplis uron whieh it is coiulucte*! are basid upon a clas-jillea- 
li .n wni'h lias bein appli«.<l t > all tiie Natural ili.-.t«.ry Seii'iKVs. The Sy>tematizt'd 
Xi.t. -; S.']i"nn' in Tu.t'a lU'-r.: «ri !•• proi>>s,il, but it is one that has ahvaily been 
pr:i«;.i.:.illy ainilit d ovt-r a wry J;u\^e li- M of knowlotlire. 

*.♦ XumIi r r> will be irfuly on Xoveniber 11th, 16S1, price 1*. 

77m.' Sul,.^-'r>'j't-n:i fi,''-/->r V '.I. m 7-'. »^^, j' ».'/•'■ / <;i adrnnre to A. 1iA.m>av. 
./'. r t-*r<ihti /-ixrf/i/i/ ,':i tJii, c'''/'».t '>• till t Fi>rt!'jn C'riutiics the J^ubscrijttion prvt; 
f 'I' t/r' VuUJir. h 1 ••'i. 
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SCIENTIFIC ROLL 



AND 



[Jlaga^mc of Sj)stcmalr^ttr llolics. 



CONDUCTED BY 



ALEXANDER KAMSAY, F.G.S, 



CLIMATE. 



VOL. I. 



Let there be truth aud let there be order: for truth aul order reguUte 
all things in the realm of nature, and the laws of nature arc the visible 
expression of the active thoughts of God. 



SublC^bclr far tt)c l^roprtrtar is 
BBADBURY, AGNEW, i& CO., 10 BOUVERIE STUEET, LONBON, E,C. 



\AU rijhts reacncd.'] 



Price One Shilling. 



To A uthorSy Publishers j Librarians j Catnmittees of Scientijic 

Societies^ and Scientists generalb/. 



nnnE Conductor solicits Lclp in the prosecation of tho task 
"^ vhich ho lias undertaken. 

Authors would a£fbrd aid by favouring him with lists of the 
articles and books written by them, specifying the dates of publica- 
tion, and in tho case of pa2>ors the days on which they were read 
before the several Societies. Still moro valuable help would be 
given by their forwarding copies of their literary productions. 
Those would be returned, if required, after they have been read. 

rublishcrs would oblige by sending Catalogues of their scientific 

publications. 

Librarians would afford assistance by obliging the Conductor with 
Catalogues of tlic libraries under their charge, moro esi^edally such 
as have the titles anxinged according to subjects. 

The Committees of Societies are asked to send copies of their 
transactions, for which coi»ics of the "Scientific Roll" will be 
returned in exchange. 

And Scientists generally could help by bringing the existence of 
the work to the notice of their acquaintance, moro especially those 
Avho reside in out of the way places. 

IVospectuses and samples of tho " Scientific KoU " will be forwarded 
to any persons willing to give such assistance. 



THE present number of this periodical docs not show soveral of 
the special characteristics which will be d6veloj»ed in due course. 
A sample or two of the Notes may bo given hero for the purpose 
of giving some insight into their scope and into the method of 
treatment. We select at random some passages relating generally 
to aqueous vapour as an clement of climate : — 

Hopkins, T.-^oumal of the JBoyal Geographical Socieiy, xzvm. (1858.) 

(^Fage 362.) Tliere are certain elevated lands which form areas of oondcnaation 
of yapoiir, towards which tbo trade winds and men Boons blow. These winds 
become loaded with va^Kiur, which they have picked up from the water they 
have passed over ; they have been traa'd back to their apparent places of origin. 

{Page 370.) These areas of condensation must ahnost necessarily be areas where 
the air is deprived of a large portion of its moisture, and ascends upwards into 
the higher regions where the cold deprives the air of a further proportion of its 
aqueous vapour, so that when it descends again it is very dry. Wherever there is 
a rainy region this action must be going on, and in the colder latitudes, such as 
Great Britain is in, every thunderstorm produces an upward current, but the 
air probably soon descends again, as fine weather follows a few hours after the 
storm, and the air has become drier. 

Hoseley, H. ISf,— Notes of a NaturaliU on the ** Challenger:' (1879.) 

(^Page 45.) On many mountains the distribution of ])lants is mainly dependent 
on the gradual increase of moisture with height, as in St. Vincent and Ascension. 

{Page 226.) In high arctic latitudes there is little cooling at nighty owing to 
clouds and mists preventing radiation. 

The two volumes above cited have l^ecn searched through for 
everything they may contain on the subject. The i-esult of tho 
search is expressed in a very short comjva&s. The infonnation cannot 
be fonud by consulting tho indexes to tho volumes themselves. The 
only way to obtain it, so as to ensure tho probability that the lack 
of information in the Notes shall represent its absence in tho books, 
is by analysing them. This would involve such nu exixjndituro of 
time and distraction of thought from tho pui*poso in hand, that tho 
task would be in most cases unattcmptcd. Here, however, tho work 
is done. There is no great difficulty in finding tho statements, a very 
short time is required for their pemsal, and, as extraneous matter is 
oxcludcd, the reader is able to give bolter attention to them. If, 
then, in this instance, tho plan of systematizing Notes economizes 
time, labour, and thought, its general application must bo of con- 
siderable advantage to many persons. Many other w^ays of usefully 
applying tho Notes might l>o specified, but space prevents any further 
details being given here. 

! 



THE SCIENTIFIC ROLL. 



Tin: main inirixvses of this l^Tni^nzLne nie to facilii:ito xeacarcli, and to afiGord a 
iiiodiiim by lui-uii:} of wliich Sciontitic euqiiirera iiuiy holp each othur. 

The lirst object will bo effected by broadly classifyiDg tho Sciences, and 
gruu])iii.!? till.' vurioud items under Specified Ueadiogs, so as to form a single series, 
>o arranged that any ])orson consulting the work will fmd collected in one phice 
a Key to the litemtiiro of tho subject comprised in each Heading. 

Tho second object will bo effected by the usual method of Questions and Answers. 

Ktich l:$cienco which is considered will bo subdivided into a number of Sections, 
and ea<*h such Section will have a Fart of the Magazine devoted to it. This 
will enable ixrsous who wish for information on a limited range of subjects to 
purchase the |H>rtion of tho ^lagazine relating to it at a small cost. 

The Magazine; rommenres with Meteorology, a knowhxlgo of which is of great 
importanc'e to many olasst^s of people. The sailor and tho fanner, the doctor and 
tlie invaliil, the engineer and the emigmnt, each and all have freaucut reasons Ihr 
enijuirhig n» to what is known on many meteorological topics. It is from these, 
nfl woU as from meteorologists, tliat the '* Scientific Uoll" seeks for support; and 
it is only by nie;iijs of a hirge circulation tliat the plan which has been formed can 
bu fully carried out. 

Tho subjcet-mattor of tho ourlicr parts of tho "Scientific Roll" will bo as 
followd : — 

Part I. Okxkral. i Part VII. IIailf.vll. 

„ IL AorKr.r-s VArorn. including ; „ VJII. LuMixors Kav5. 



„ IX. Miasma. 

X. OZOXE. 






Jlir^iuniT, Dewihjint, Clouds, 
Fixjs, Mists, &c. 

III. IUkOMKTUU'AI. COXDITIOX. 

IV. CaKUi.XIC ACI1» AXI) CUESIICAL j ,, XI. liAIXKALX. 

Kays. 
V. DrsT IIazk. 



)f 



Xll. SXOWFALL. 



VI. K.,.:cTMCA,. CNniTiON-. incUul- [ " ^"L THMruiATasi:. 

iw^ TlH.NDEUSTOlOXS. | ,, XIV, WlKP, 



Kachof th.rfol*art.s will rol.ito to the subject generally. The Tarts following 
the:50 will d»-.il with the Climate of each country. 

It shouM ln' l>orno in mind that Climate only is deiilt with in these Tarts, so 
that pirsons wishing for intbrraatiun ns to tho phyeical and other properties of 
Aiiucous Vaiwnr, or of the Strui^turc of a Hailstone, or as to how a Barometer is 
fornnvl, niav not llnd anvthinjr. be«Mns(« tho projier place for such details is under 
other Sei'tions of tlie **Seiciitifio Koll." Thus all tho details relating to Aqueous 
Vapiur \vhii'h aro not rliiu;.tic will It' found in the Section which will l« devoted 
to Wnter, should tho '• Scientilu' Koll " reach that stage. Agahi. tho formation of 
Ikironieter.'. and <»ther ^liteorological Instruments, have their place in the cla:*sifica- 
tion liere adopli d luuler Man. 

The Meteon>lo.ij:ii!il Section of tho " Scientific Koll " is, then, not an isolated 
fmgnieni, but the prineijiUs upon which it is conductetl are bused ujion a dosdiflca- 
tioii which has l)een ai-plied t^j all the Natural History Sciences, llie Svstematizctl 
Notes Sciiemo is not a nuro eru«lo propositi, but it is one that has already been 
practically aiiplied over a very lari;e lirhl of knowledge. 

•^.* Number (i will bo ready an February 11th, 1SS2, price Is. 



ITie SithMcripfioH jirtW. for Vol.. I. m 7/*. O?., p'i»/'i'7t' in adrance to A. Uau^aT. 
For jh»rt>ong rt\<iiltnt in the Cohnivs tin I Furii'jn Countrimf the Su-.fcn'ption prke 
for the Voi-UMi: i« 10s. 
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L«»t there bi! ti.iili an I lot thi'io be orler: fur truth .iinl orii«?r re;4nlat« 
all thin-j^H in the rinlui of uatun;, and the* laws of uuturt aio tiio ri^ibi^ 
ex[>reii»iua of liie active thuu^hta of Go.i. 



}3ub[t)^Ijrlr (or Ujc 13raprirtcir Ittj 
BRADBURY, AGXEW, k CO., 10 BOUVEniE STUKi:!, LONiJUX, E.G. 



\All rijfits rcscrrcJ.2 



Price 0:nje Shxi.l.i^^- 



x^ 



To A uthorSy Publishers ^ Librarians^ Committees of Scientific \ 

Societies^ and Scientists generally. ! 



i 

fTIHE Conductor 6olicits help in the prosecution of the task 
j -^ which he has undertaken. 

j Authors would afford aid by favouring him with lists of the 

articles and books written by them, specifying the dates of publica- 
tion, and in the case of papers the days on which they were read 
before. the several Societies. Still more valuable help would be 
<;iven by their forwarding copies of their literaiy productions. 
These would be returned, if required, after they have been road, 

rnblishora would oblige by sending Catalogues of their scientific 
publications. 

I.ibi-ariaiiB would afford assistance by obligiog the Conductor with 
Catalogues of the libraries under their charge, more esiiecially such 
as have the titles arranged according to subjects. 

'I'he Committees of Societies are asked to send copies of their 
traiifiactioiis, for which cojues of the *' Scientific EoU " will be 
returned in exchange. 

And Scientists generally could help by bringing the existence of 
llie work to the notice of their acquaintance, more especially those 
^^■llo reside in out of the way places. 

riospeetuses and samples of the " Scientific EoU " will be forwarded 
to any persons willing to give such assistance. 



TIIE present number of fhifl periodical does not show several of 
the special characterihiicB ^hioh will be develojrod in due course. 
A sample or two of the Notes may be given here for the purpose 
of giving some insight into their scope and into the method of 
treatment. We select at random some piiu^sages relating gencrully 
to aqueous vapour as an element of climate : — 



Hopkins, T,— Journal of the Boyol Geographical Society^ xxvm. (1858.) 

{Pagt 362.) There are certain elevated lands ^-hich form areas of condensat ion 
of vapour, towards which the trade winds and monsoons blow. Thet-o winds 
l)ecoinfi loaded with vapour, which tbcy have picked up from the water tlicy 
; have passed over; they have hecn traa*d back to their api^arent places of origin. 

' (Page 370.) These areas of condensation must almost necessarily be areas where 

I the air is deprived of a large portion of its moisture, and ascends u])ward8 into 
I the higher regions where the cold deprives the air of a further pro])ortion of its 
I aqueous vapour, so that when it descends again it is very dry. 'Wherever there is 
\ a rainy region this action must he going on, and in the colder latitudes, such as 

Great Britain is in, every thunderstorm produces an upward current, but the 
I air probably soon descends again, as fine weather follows a few hours after tlic 

storm, and the air has become drier. 



\ 



Moseley, H. TST.^Notea of a Naturaliit on the " ChuUenger," (1879.) 

(Page 45.) On many mountains the distribution of plants is mainly dependent j 
on the gradual increase of moisture with height, as in St. Vincent and Ascension. '■ 

(Page 226.) In high arctic latitudes there is little cooling at night, owing to \ 
clouds and mists preventing radiation. I 

The two volumes above cited have been searched through for 
everything they may contain on the subject. The result of tho 
search is expressed in a very short compass. Tlie information cannot 
be fouhd by consulting the indexes to the volumes themselves. Tho 
only way to obtain it, so as to ensure the probability tliat the hick 
of information in the Notes bhall represent its absence in the Ixx^ks, 
is by aucilysing them. This would involve such an expenditure of 
time and distraction of thought fiom the purpose in hand, that the 
task would be in most cases unatt^jmpted. Here, however, the work 
is done. Inhere is no great dilHcult}* in finding the statements, a veiy 
short time is required for their pemsal, and, as extraneous matter is 
excluded, the reader is able to give better attention to them. If, 
then, in this inistance, the plan of systematizing Notes economizes 
time, labour, and thought, its general application must be of con- 
siderable advantage to many persons. Many other wa3's of usefully 
applying the Notes might be specified, but space prevents any further 
details being given here. 



THE SCIENTIFIC ROLL. 



Tiip nmiii {iiir|)Odcs of this Msiuazinc :iro to facilitittc resr-arch, and to atTorl a 
iiii'liiiiii hy iiicuud of wiiich Seiuiititic t'n4iiir«.Td iiLiy help eai*h otiicr. 

'\')u' lirrtt objtct will bo ifl'ccted by broRilIy c1as6ifyin<2; the SciencoSf and 
^rmipi'it^ th(.* various items inidcr N|Mjoiriud lleailings, tio an to form a Hiugle deru'«, 
.•>o iiiTii);^. il that any {lersun oonauliiiii; the work will tind collectud in one place 
u K' y to til*- liU'Dituru of tiie sulijei.'t eompiisiHi in each IIcHilin^. 

The iicciind obji-ot will l>c t'tfcotinl by the usu.tl method of Questions and Answers. 

I-!a<*ii Si'iciico which is ronsidored will be subdivided into a nuniKr of Sections, 
nii'l t:i"li hiieii Sc«-ti<»n will have a l*iirt of the Ma;»iizlnc devnt* d to it. TMs 
w 11 i;n.iblo |xrs«Mis who wish fur iiif- rm-dion on a liiiiiti*d range of subjects lo 
piufliasc thf porlii>n of the Mai^zine relating to it ut a tfrnall co^t. 

Tin' Jlaj^.izine coninunw-s with MtteoroIu;;y, a knowle^ljjo of wliieh is <if gri?at 
iinportiiuit' to many clashes of iMuple. The sailor and the farnu-r, tho d^'otor and 
U.v- iiiv.iliil, ihe engimcr and tiiu cnii&rriint, cacli and nil havu fr<.qui'nt reasons for 
( i)4uiriii>; as to what is knwwn on many metci>rolo<;ical topics. It is from thoe, 
ns well ns fr>»in metcorol'i<;i>ts, that the *' Scicntilii^ it^dl '* seeks for support; and 
it lA rnily by nieaiiH of a largo cireuliitiou that the plan which has bceu fcrmed can 
In; fully cairivd <iUt. 

Tlie subjcct-nialtcr of the onrlier parts of tlie '* Scicnti/io Roll" will bo as 
foliowa: — 

Part L (tKNERAL. (R&ifhj.) i Part Vlf. IIailfall. 

„ VIII. Luminous Kays. 



„ II. Agi:K<»i\s Vai-oiii, includiu^jf 

H [TMIMTY, DkWI'OIX T, Cl.Olltf, 

Ko»^s, Mists, iScc. 

„ III. lUnoaiKFRICAL C-OXDITIOy. 

„ IV. CAi;n-.xic Acid and Chemical ,^ xi. Kainkall. 

Kays. 

,, V. PirsT IIazk. 

„ VI. Ki.i;otku:ai. CoxiMTiON, iuclud- 

isi-' THI'.NDEK>TUK.MS. 



„ IX. Miasma. 

„ X. OZONF., 



„ XII. SNOWFAIili. 
,, XIII. TUIPEKATUKE. 

XIV. Wind. 



»» 



K:iHi of th<i*o Parts will relato to tlie snbjirct generally. The Parts fvdio win;; 
tliOM' will deal with the Glimah- of raeh eounlry. 

It >hould be Ix^rnc in mind that Climate only is dealt with in tlii^se Parts. ?o 
that prr-ons wi.->hin;; for infinnialioii as to the phy>icul and other properties of 
A«[ii»MMis Vainiur, or ot th« StrU'luru of a Hailst«^nc, or us to how a liiiionioler is 
foitiiiMl. may not tlnd anythiiii:, biM-ausi* thn projier place for snob details is nu'lt-r 
otluT Sretious of tlie "Seieiitilie IIoll." Thus all the details n.latiuj? to Aijneons 
Vapour wbith nro not elimutio \Nill I.e found in tbo >ection which will U? d'tvoU'd 
t.» \V:'t.rr, sluMiM tbo " SeJe.'it iM* liMil" reaeh that stiige. Ajrain. tbo iorniutloti of 
n.iinni. !.rs, and other M» le'.rol.»;^iral lu.stiumcnts, have tht-ir plaeo in the ela!?ftili.r.i- 
l:ii:i licre nd«M»t d under ^I.m. 

Till* .Miteorol.>irical Section of tlH> ** Srientiflc Itoll " i.s, then, not an isolated 
frM.'UHiil, but the i»rii:i-i|»!is uimhi wlii««li it is eouduotefl are bised up m a ebuH^itioa- 
Ti>'i w.'sivh lias b«;in aj piifl t-I all ti.e Natural History Sei'-nee-*. The Sy.stoni itizid 
\.»!.s S-li'Mic is n»»t M ruMr «-ruli' prM|u>s:il, l»nt it is one that has aln-uiiy been 
pr..i'Uv:al!\ applied i»viT a very lar^e li- 1«1 t»f knowledge. 

*,♦ Xumlnr 7 will lie n^ady on May lltb, 18-^2, price U. 

Ih, SV7..-..-r//i/ ON j'l- fW h'r Vol.. T. in 7<. *'tl., pnijuhhi in adrau'^e to A. IIamsay. 
/" r }-i r"»)iy r'A'flfnt in th') 0'i'ntii.< an { i'oni'jn Omnlrici thv SnUscription i*rir€ 

f 'I' ill'- V«.'l.l Ml. /•: IOn'. 



x-«^M"».v; ii:':%:m» »» ■ai.; .x'a 'L- -,%•'.'> \.- • ••.»■, v.v'aa' v, :a\.ViVY'j»tj ^rufc-hT and l.UAUl^(.. tuo**?. 
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T n !•: 



SCIENTIFIC EOLL 



AND 



Utaiga^inc of Snstcmali^cb |latcs. 



CONUUiTKI) BV 



ALEXANDEll EAMSAY, F.G.S, 



CLIMATE. 

vol. 1. 

Part I L— Aqueous Vapour. 



Th** revfivnt -tu<ly of n:\tun.' tlrvelojis tli:it tirmni".s of fai'h arnl 
riiswerving anlptir wliif-h iMinMfs tliu true s'Mcnti^t to aci'oiniili-'li Iim 
I iir|K>se .i'^aii;-t trUtaili'-s acl ililli''ultii"i which l-nMlo uw-t •■ther c!;i>-os 
«t liien. 



iPuUtstljctr far tljc praprirtar hn 
J. 11. FEXXELL, 7, 1;K1) LION COUKT, i'LEKT »STIJKI':T, LONDON, llC. 



[.1i7 n'jhis rcsirnyl,'] 



To Authors J Publishers J Liln^arians^ Committees of Scientijic 

Societies, and Scientists generally. 



rpilE Conductor solicits help in tbe prosecution of the task 
-*- which ho has undertaken. 

Authors would afford aid by favouring him with lists of the 
articles and books wntten by them, specifying the dates of pnblioa- 
tiun, and in the case of pa][>cr8 the days on which they were read 
before the Hoveral Societies. Still more valuable help would bo 
j^iven by thoir forwarding copies of their literary productions. 
These would be returned, if required, after they have been read. 

I'ubliKluTs would oblige by sending Catalogues of their scientific 
IHiljlicalioTiK. 

I.ibiariaiis would afford assistance by obligiug the Conductor with 
Catalogues of the libraries under their charge, more especially feuch 
as have the titles arranged according to subject*. 

The Ctmimittccs of Societies are nskcd to send copies of their 
IraiisactioiiK, for "which ct)i)ios »»f the ''Scientific EoU" will bo 
rotunifMl ill cxijliaiigi'. 

Ami Scientists genc'rully could helji by bringing the existence of 
tlie work to the notice of their acquaintance, more especially those 
wh<» rtfsidf in out of the way places. 

Prosijcetuscs and samples of the '* Scientific lioU" will be forwarded 
1o any juTsonH willing to give such assistance. 



NEWSPAPER AND BANK DIRECTORY 

OF THE WORLD, 

(With Gazetteer and Atlas comhined)^ 

Ccntaining the names and dcocriptionB of over 84,000 NewspaporH 
and 20,000 Banks throughout the worlds embracing substantially all 
Newfijmpcrs, Magazines, and Quarterlies publisliod upon every 
continent, in every empire, kingdom, nation, province, and island ; 
together with the names and localities of the leading responsible 
Banks and Banking Institutions of every^ country \\\>on the earth. 
In two volumes. Price 42s, 



Published by 11. P. HCBBAKD, New Havk.v, Connecticut; and 

'1 KUBNER ifc Co., London. 



Shortly will be published, in MONTHLY NUMBERS, size demy 4to., 

price FOITRFENCE. 

THE ANTIQUARIAN CHRONICLE 

AND 

LITERARY ADVERTISER. 

Unlike other periodicalK of this kind, Tiik AxrjQUAiUAN ruRONici.E 
will not oonKiHt chiefly of recently written disquisitions and essays 
on ancient toiiics, but of old and hitherto unpublished records, and 
of curious gUaninji:s on special subjects obtained from numerous 
sources that have been very much neglected. inelu«ling rare old 
ncwtspapers and the eurliest inag.47.ine!*, metropolitan and local. Wo 
aie open to correspondence, but shall insert only Kuch articles as 
have the meiit of research and solidity, rejectinj; everything that is 
ephemeral. A work of this kind, conducted on this princii^le, needs 
no long prospectus, a-s it ** spi'aks fur itself" 

All Commnnications BtH)ks for Heview, tt(\, to be addressed to 
"The Editor of The Anth^uarian CiiRnxiri.K and LnKUAUY Apvek- 
TisEK," at the Otiiee (First Tloor), No. 7, Ked Lion Court, Fleet 
iStrefct, Lcndon, E.C. 

IWsperluf fornHtrifetl on npih'cih'oH. 



THE SCIENTIFIC ROLL. 



TiiR main purfioscs of this Ma;rnzine an^ to facilit'ite rcMnreh, and to afford a 
iiK'ilium by uii-and of which Scientific eiiquircn may help each other. 

'Ilu> lirst obji-ct will bo eflecte>l by bruadly classirying Iho Scifnoea, and 
pri.iiipiri^ the varimid items nnder Specitie<l lloatlicifrs. so as to form a i>'in<;le series, 
yn arr.iu^iMl that any iH'i^im eons<ulting the work will find collected in one place 
u Kt-y to the literature of tiio dubjt.-et euuiprised in eikch Heading. 

The iiecDnd object will bo eft'ected by tlie usual method of Qucationzi and Answers. 

Kaeh Seience winch in considered wiil be »ubdivido<l into a number of Sectioim, 
and « ;i'*h Mich Soi-tiMU w^ill have a I'urt of the Ma^^zine deTutod to it- This 
will enable persons wh(^ wi«i» fur infornvition on u limitoii range of subjects to 
pun lia>e the iKirtinn of the M.iprazinc relating to it at a email cost. 

'J'lu! Magazine ciininnixx's with Metcorohigy, a knowlinlgo of which is of great 
imporUiMce to many elis.'S'S of iH.MipIe. The sailor and the farmer, the doctor ami 
tne iiivnlitl, the cngiuier and the emigrant, etich and all hare frequent rcai«ons fur 
iiupiiring as to what is kuuwn on many nu'torological topics. It is from theM% 
«H well as from metCHTohigihts, that the *' Scientific lloll " seeks for supp«»rt; and 
it is only by means of u largo circulation that the phiu Yrhieh bus beeu forme*! can 
lie fiiliv carried out. 

m 

Tlje subjeL't-mattif of the earlier paits of the ** Scientific Roll" will bo aa 

f«.tllows : — 

Tnrt I. (ii:Ni:uAL. iltendy.) Purt VII. Hailfall. 

„ 11. Aot:e.hs Vaiyhi:, inelmling ^, yilL Luminous Rats. 

Hi'MiuriT, i)Kwi\)iNT, Cloud/, 
lAjtis Misrs.iV:c. >» I A. Miasma. 

., nr. r».vuoMFTi:i(Ar. CosniTioN. „ X. Ozoxk. 

., iV. C\Kr:.»xio Auii) AND Chemical . ,^ xi. Rainfall. 

,, .^^' ' H XII. Snowfall. 

„ \. IM>T IlAzr.. *• 

.. Yl. Ki.i:rniicALi'.)vi.rriov,includ- ' u ^^^^ i kmim k.\ti UE. 

iiiic TiiUNi)ti!.>ToaMS. „ XIV. Wixp, 



Ivu'li ot" tli-so Parts will relate to the subject generally. The Parts fuHowing 
thi.'M' will d'Mil with liio Climati* of each c«)unlry. 

It shouM be burn*' in mind tlmt Oliniate only is dimlt with in these Parts, m 
iliat piT^niirf wi.fhing for inl"«»imation as to the physical an«l other pin>perti«'S of 
AqiitiMi.s Va|Hiur, or ot the Stru<'turc of a HniUt'nie, or as to how a j>;iionieter is 
Iniiiicl. may not tiiid anythisiir. hnj^anse the proper place fur sncli details is nnJer 
'.tjier SectioiKs of the **'Scieiitilic lioH." Thus all the details relating to Aiiui-ouh 
Vjijtmir \\hi'"li ari! not eliiu »tii^ will le found in the .**eotion which will U- di*v«»to«l 
t» WMtiT, ^ho^ll.l the **?cieijtitic Roll" roach Ihnt ntage. Again, the formati<»u of 
IJir-iuntrrs. aiid other 31- tmrolngical Instrument:!, have their jdace in the classiiii-a- 
I o.i lii'Tv adi'pt' d un«ler "Sl-.tn, 

Til.* :M('t.cnl..iri,.!il S.ction of the " Scientiflc. Roll" is, then, not an isolated 
fr:i>4Ji.fnt. but the ]iriuci)ile.s upon which it is conducted are leased up »n a cbis.'itipa- 
tion which ha.s Inen aoplie.l t-i all the Natural History Sciences. The Systeiif«tizcd 
Nntis S.-heme is n«'t a m«:ie ermlc prr»|iosal, but it is one that lias already In-eu 
pr:.cii(;ttl!y applii d ovtT a v«;ry large lii Id of knowled;:o. 

*.♦ Numl'iT 8 will bo ready on Auu'ust 11th, IStS'J, price 1*. 

lltr !^iihsrrifd'nn jtrirn fnr\'^L. I. /« 7^. Cf?., )fiitnhlv ill aJmiire fo A. Ra5I«*aT. 
/'../• / »T>'o/M rcsiiif nl in the Culom't a anl Fon.'njn Ofuntries the Hyithfart'i'tion i'ri**€ 
fi-r thfi Vnl.l Ml, in IOj. 



i,'.m«»n: i j. Ml!' ni wi'..'.'.\^\ '-..i^nw^ .\ni» -»\-, i.i-.Jiiii., srAMr«H!:> siiit-ii .vni> ciiA.axiji CBe.-^-. 
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ALEXANDER RAMSAY, F.G.S, 



CLIMATE. 
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The reverent si\u\y o( nature dtivelo)is thnt iirmncsis oi faith and 
uoswerviii^ anlour which euaMes the true ncicDtist to accomplish his 
purpose against ob)tacle> ac<l liitliculties whicii batUo ni(>:»t other classes 

lit IllfU. 



9ubUtfI)£li for t()e l^roprtetor hp 
J. II. FENNELL, 7, liED LION COURT, FLEET STREET, LONDON, E.C. 
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To Authors^ Publishers, Librarians^ Committees of Scientific 

Societies, and Scientists generally. 



rpHE Conductor solicits help in the prosecution of the task 
-'- which he has undertaken. 

Authors would afford aid hy favouring him with lists of the 
articles and hooks written by them, specifying the dates of publica- 
tion, and in the case of papers the days on which they were read 
before the sereral Societies. Still more valuable help would be 
given by their forwarding copies of their literary productions. 
These would be returned, if required, after they have been read. 

Publishers would oblige by sending Catalogues of their scientific 
publications. 

liibrarians would afford assistance by obliging the Conductor with 
Catalogues of the libraries under their charge, more especially such 
as have the titles arranged according to subjects. 

The Committees of Societies are asked to send copies of their 
transactions, for which copies of the " Scientific Boll " will be 
returned in exchange. 

And Scientists generally could help by bringing the existence of 
the work to the notice of their acquaintance, more especially those 
who reside in out of the way places. 

Prospectuses and samples of the ** Scientific Boll " will be forwarded 
to any persons willing to give such assistance. 



t' 



Publishing Monthly^ Price Sixpence; or sent free by Book Post on 

receipt of Six Stamps. 



FENNELL'S 



ANTIQUARIAN CHRONICLE 



AND 



^iicntriT 3lbbtrtistr. 



This Jonmal is devoted to the Illustration of the following interesting and 
instnictiTe subjects : — 

ancient l^tstors. 

popular ^ntiqttfttes. 

Reminiscences of (ZDelebratcb places. 

tS^opograpl^n and Sopogtapf)ers. 

®Ili iManners^ (E^ustoms, Sports, anD pastimes. 

®\b S9otD(s, ^roberbSt antu ^i)rascs. 

Jpolfi 'lore antr l^uperstittons. 

®ID( 9ut|)ons, Artists, antr OToUectors. 

90iblioarap|^p ant iStbUograpbcrs. 

'libraries, inuscums, Sxbibttions, antr ^beatres. 

3Atbiefa)s of iBttfa) tSootis, Jfine ^rts, i^lusic, \t. 

Thk Antiquarian Chronicle will contain Disquisitions and Essays on 
ancient topics, old and hitherto unpuMished records, and curious gleanings on 
special subjects, obtained from numerous sources that have been very much 
neglected, including rare old newspapers and the earliest magazines, metropolitan 
and local. In favour of a work of this kind we need only quote the words of that 
eminent antiquary, John Britton : — 

**If the Study of Antiquities be judiciously pursued and tastefully directed, it 
tends to develop the fluctuations of Science, Art, and Literature : it carries the mind 
back to remote ages, and di^^plays the conditions, customs, and manners of men in 
former times. Hence it becomes the most positive and incontrovertible data for 
Historical deduction : as it shows what man has been by his works, ami teaches us 
the important lesson of knowing ourselves, by comparison with our ancestors." 

No8. I, 2, and 3 are now ready. No. 4 will appear in September. 

All Correspondence^ Bo)ks for Re7'inu, <f-f., to be ad tressed to ** The Editor of 
thi Antiquarian Chronicle and Literary Advertiser ^^'^ at the Office^ 

No. 7, RED LION COURT, FLEET STREET, L13ND0N, E.C. 




THE SCIENTIFIC ROLL. 



The main purpoees of this Magazine are to faeilitate reaeareh, and to affisrd a 
medium by means of which Scientific enquireis may help each other. 

The first object will be effected by broadly classifying the Sciences, and 
grouping the various items under Specified Ueadlags, so as to form a single series, 
so arr.inged that any person consulting the work will find colleoted in one place 
a Key to the literature of the subject comprised in each Heading. 

The second object will be effected by the usual method of Questions and Answers. 

Kaoh Science which is considered will be subdivided into a number of Sections; 
and each such Section will have a Part of the Maganne devoted to it This 
will enable persons who wish for information on a limited range of subjects to 
purchase the portion of the Magazine relating to it at a small cost. 

Tiie Magazine commences with Meteorology, a knowledge of which is of great 
importance to many classes of people. The nulor and the farmer, the doctor and 
tlie invalid, the engineer and the emigrant, each and all have frequent reasons for 
enquiring as to what is known on many meteorological topics. It is from these, 
as well aa from meteorologists, that the ** Scientific Boll" seeks for support; and 
it is only by means of a large ciroubition that the plan which has been raimed can 
bo fully carried out. 

The subject-matter of the uiirlier parts of the ** Scientific Boll" will bo as 
follow)} : — 



Part L Gkneral. (Ready.) 

II. Aqueous VAPorR, including 
HuMipiTT, Dewpgint, Clouds, 
Fogs, Mists, &c. 

III. Babometrtcal Goin>rnoir. 

ly. Carbonic Acid and Guemioal 

Rats. 
V. Dust Haze. 

VI. Klectrical Ci)NDiTioN% includ- 
ing Tuuxdeksi'ok»8. 



ff 



•> 



i» 



n 



»» 



Part yn. Hailfall. 
„ yilL LuwNOUB Hath. 



IX. Miasma. 

X. OZONK. 

XI. Bainfall. 
M XII. Snowfall. 

XIII. TSUPEKATUBE. 

Xiy. Wind. 



tt 

n 



»> 



19 



Knch or these Parts will relate to the subjtict genorally. The Parts following 
those will (U'ol with the Climate of each country. 

It 2fi}ionld l>c borno in mind thnt Glimnte only is dealt with in these Parts, so 
that ptT.">on8 widhiug for information us to the physical and other properties of 
Aqu<H)n8 Vapour, or of tlie Struc^turo of a Hailstone, or as to how a Barometer is 
fr>rmetl, iimv not find anythiu":, because the projHir place for such details is under 
other Sections of the " Scientific Boll." Thus all the details rulating to Aqueous 
Vajjour whioli aro not climatic will bo found in the >ection which will be devoted 
tf) Wjiter, should the *' Poioutific Boll ** reach that »tngo. Again, the formation of 
Barometers, and other Mrteorological Instruments, have their place in the classifica- 
tion here tulopti d umler Mun. 

TUo ]\T(;t»'onilo;jjical Section of th«* " Scientific Boll '* is, then, not an isolated 
frH;;ment, but the priiiei])les upon which it is conducted are btised upon u classifica- 
tion which has been ai)pHo(l to all tlie Natural History Sciences. Ihe Systematized 
Notes Si-henio is not a mere eru'lo proposal, but it is one that has already been 
practically applied over a very lar^jo iield of knowledge. 



•^>* NumlKjr 9 will be ready on November 11th, 1882, price Is. 



21ie Suhft^fptfOH price for Vol. I. i« 78. 6d.. payable in adeance to A. Bamsat. 
Fttr p*:riton8 re*uient in the Colonies and Foreiijn Countries the Subscription price 
for the Volume is 10s. Th\ Snhscription Li«t mil cloite on December 31, 1882. 
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The reverent study of luitare develops that firmness of faith and 
unswerving ardour which enables the true scientist to accomplish his 
purpose against obstacles and difficulties which baffle most other classes 
of men. 
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To Authors^ Publishers^ Librarians^ Committees of Scientific 

Societies, and Scientists generally. 



rpHE Conductor solicits help in the proseoution of the task 
-^ which he has undertaken. 

Authors would afford aid by favouring him with lists of the 
articles and books written by them, specifying the dates of publica- 
tion, and in the case of papers the days on which they were read 
before the several Societies. Still more valuable help would be 
given by their forwarding copies of their literary productions. 
Those would be returned, if required, after they have been read. 

Publishers would oblige by sending Catalogues of their scientific 
publications. 

Librarians would afford assistance by obliging the Conductor with 
Catalogues of the libraries under their charge, more especially such 
as have the titles arranged according to subjects. 

The Committees of Societies aro asked to send copies of their 
transactions, for which copies of the " Scientific Roll " will be 
returned in exchange. 

And Scientists generally could help by bringing the existence of 
the work to the notice of their acquaintance, more especially those 
who reside in out of the way places. 

Prospectuses and samples of the " Scientific Roll ** will be forwarded 
to any persons willing to give such assistance. 






Pubtishing Monthly^ Price Sixpence; or sent free by B<wk Pest on 

receipt of Six Stamps. 



FENNELL'8 



ANTIQUARIAN CHRONICLE 



AND 



JPittrarg ^bkrliser. 



This Journal is deroted to the lUtistration of the fonowing interesting and 
instntctiTe subjects : — 

Ancient l^tstors* 

popular ^ntfquftteft. 

lAemintecences of ODekbtatelr places. 

tS^opograpliB an& Sopogtapl^ers. 

Olt iManners, ODustoms, Sports, anQ ^astimts. 

®ltr satottrs, ^roberbSy antu l§!\ixm%. 

Jpolfi %Mxt ant S^Qperstittons. 

®l& ^utbors, Artists, and Colkctors. 

90ibUograpb8 anb 33ibUograpbers. 

ItbtaruSy iHlttStums, £xbibti{on9, anb ^beatos. 

Hcbtetos of Bj^ iSoofcs, §iat ^rts^ iSlustc^ ^. 

The Antiquarian Chronicle will contain Disquisitions and Essays on 
ancient topics, old and hitherto unpublished records, and curious gleanings on 
special subjects, obtained from numerous sources that have been very much 
neglected, including rare old newspapers and the earliest magazines, metropolitan 
and local. In favour of a work of this kind we need only quote the words of that 
eminent antiquary, John Britton : — 

" If the Study of Antiquities be judiciously pursued and tastefully directed, it 
tends to develop the fluctuations of Science, Art, and Literature : it carries the mind 
back to remote ages, and displays the conditions, customs, and manners of men in 
former times. Hence it becomes the most positive and incontrovertible data for 
Historical deduction : as it shows what man has been by his works, and teaches us 
the important lesson of knowing ourselves, by comparison with our ancestors." 

Six numbers are now ready. No. 7 will appear in Decennber. 

All Correspondence, Bojks for Review, <^r., to be addressed to " TAe Editor of 
the Antiquarian Chronicle and Literary Advertiser,*^ at the Officf^ 

No. 7, RED LION COURT, FLEET STREET, LONDON, E.C. 



THE SCIENTIFIC ROLL. 



The main piiri)0Be9 of this Ma^zine nie to facilitate reaearcli, and to afford ■ 
xucdiam by means of which Soientitio enquirers may help each other. 

The first object will be efTccte)! by broadly classifying the Sciences, and 
grouping the Ttirious items under Specified Headings, ko od to form a single series, 
BO arranged that any person consulling the work will find collected in ono place 
a Key to tlic literature uf the subject comprised in each Heading. 

The second object will be efiectcd by tlie usual method of Questions and Answers. 

I'lach Science which is considered will bo subdivide<i into a numlxT of Sectione, 
and each such l^ection will have a Part of the Blagazine devotixi to it. This 
will enable persons who wish for infurmntion on a liiuitod range of subjects to 
purchase the portion of the Mugazine relating to it at a small cost 

The Magiizine commences with Meteorology, a knowh^lgo of which Is of great 
importance to many clusses of people. The sailor and the farmer, the doctor and 
the invalid, the engineer and the emigrant, eiioh and all have frequent reasons for 
enquiring us to whuit is kriuwn on many meteorological topics. It is from these^ 
as well as from meteorologistts, tliat the '^Scientific KoU" seeks for support: and 
it is only by ineims of a large circulation that the plan which has been formed can 
be fully carried out 

The subject-matter of the earlier parts of the *' Scientific Boll " will bo as 
follows : — 



Fart I. Gbkeral. (Ready.) 

„ II. Aqdbous Yapoitr, including 
HuMiDiTT, DEWPonrr, GLooDt, 
Fo(;s, Mists, JiMs. 

III. BAnOaiETRICAL CONDTTIOV. 

IV. CARiy)NIO AOID AND GuiUflCAIt 

Rays. 

V. Dlst Hazil 

VI. Ei.eotkical Conpitiox, includ- 
in;; Tuundeiihtorms. 



»» 

»» 

i» 

ft 



*o 



Part Vir. Hailfall. 
t, VIIL Luminous Rats. 

„ IX. HiASMA* 
ff X. OZOKB. 

^ XI. Raikfall. 
M XU. Snowfall. 
„ XIII. Temperature. 
„ XIV. Wind. 



•»♦ Number 10 will be ready in Febrnury, 1883, price Is. Gd. 

Tfie Siihftrfiption price for Vol. I. is If. 6d.. payalU in advance to A. Ramsat. 
F(tr persons ren'nhnt in the Colonies and Foreign Countries the Snh$cri}iUon priee 
for tlie VoLVME ii 10<. The Subscription List wiU clw>e on Vtcctnher 31, 1S82. 



Kftch of Iht'se Partd will reliite to the subject generally. The Parts following 
thet^e will deal with the Climate of each country. 

It Bhould Ik) l)orne in mind tluit Climate only is dealt with in these Parts, so 
that persons wiuliing for information as to the physical and other properties of 
Aqueous Vapour, or of the Structure of a Hailstone, or as to how a Barometer is 
formed, may not find anything, Inioansii th^ proper place for such details is under 
other iScctions of tlie *• Scientific Roll." Thus all the details relating to Aqueous 
A'opour which are not climatic will be found in the >ection which will be devoted 
to Water, should the ** Scientific Roll ** reach that stage. Again, the formation of 
Raromcterd, and other Jli-leorological Instruments, have their place in the classifica- 
tion here udoptt'd under Miin. 

The J^IeUH^n.logical Section of the *• Scientific Roll ** is, then, not an isolated 
frajrnient, but the principle's upon which it is conducted are based upon a dosdifica- 
tion wliich lias boon applied to all tlie Natural History Sciences. Ihe Systematized 
Noti'S Scheme is not a mere cru«le propoail, but it is one that has already been 
practically applied over a very large field of kuowledge. 



L0MK>!!: PHlKitD bl WILLIAM CLOWKS A.ND bOKtf, LIMITED, STAUTORD STSEKT AaiD CBABUG CMOM. 
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THE 



SCIENTIFIC EOLL 



AND 




agit^inc 0f Sgsljemali^ttr "^oUb. 



CONDUCTED BY 



ALEXANDER BAMSAY, F.G.S, 



CLIMATE. 

VOL. I. 
Part IL— Aqueous Vapour. 



The reverent study of Qature develops that firmness of faith nn<l 
answerving ardour which enables the true scientist to accomplish his 
purpose against obstacles and difTicalties which baffle most other clajiSLs 
of men. 



DublisT^ftr for ti)t {Iro^rielor is? 
J. H. FENNELL, 7, UKD LIOX COURT, FLEET STBEET, LONDON, E.C. 

{All rights reserted,'] 



To Authors^ PublisherSj LtbrarianSj Committees of Scientijic 

SocietteSj and Scientists generally. 



T 



HE Oondnotor aolioits help in the proeeontion of the task 
which he has undertaken. 



Fablishers would oblige by sending Catalogues of their scientific 
publications. 

Librarians would afford assistanoe by obliging the Conductor with 
Catalogues of the libraries under their charge, more especially such 
as have the titles arranged according to subjects. 

The Committees of Societies are asked to send copies of their 
transactions, for which copies of the "Scientific EoU" will be 
returned in exchange. 

And Scientists generally could help by bringing the existence of 
the work to the notice of their acquaintance, more especially those 
who resido in out of the way places. 

Prospectuses and samples of the " Scientific EoU " will be forwarded 
to any persons willing to give such assistance. 



Authors would afford aid by favouring him with lists of the \ 
articles and books written by them, specifying the dates of pnblica- j 
lion, and in the case of papers the days on which they were read I 
before the several Societies. Still more valuable help would be 
given by their forwarding copies of their literary productions. 
These would be returned, if required, after they have been read. 






Puhlishing Monthly^ Price Sixpence; or setit free hy Book Post on 

receipt of Six Stamps, 



FENNELL'8 



ANTIQUARIAN CHRONICLE 



AND 



yittrarn l^bbcrttstr. 



This Journal is devoted to the Illustration of the following intercaling and 
instructive subjects : — 

gtnctent ptistorg. 

^9opular Antiquities. 

Bemintsccnces of CDelebrateti places. 

^opograpliB anil ^opogtapliets. 

®\^ inanners, (ZTustoms, Sbports, anD ^pastimes. 

a^Wi SSKorlrs, ^robetbs, antr ^brases. 

Jpolii 'Eote anti Superstitions. 

®Ri Authors, Artists, antr (B^oIIectots. 

33ibliograp|)8 anti 33ibliograp!^ers. 

l.tbr£rries, iWuscums, ISxbibitions, anb ^beatres. 

Iftcbietos of i^eb) iSoofcs, Jpine Arts, iWustc, ice. 

The Antiquarian Chronicle contains Disquisitions and Essays on 
ancient topics, old and hitherto unpublished records, and curious gleanings un 
special subjects, obtained from numerous sources that have been very much 
neglected, including rare old newspapers and the earliest magazines, metropolitan 
and local. In favour of a work of this kind we need only quote the word^ of that 
eminent antiquary, John Britton: — 

" If the Study of Antiquities be judiciously pursued and tastefully directed, it 
tends to develop the fluctuations of Science, Art, and Literature : it carries the mind 
back to remote ages, and displays the conditions, customs, and manners of men in 
former times. Hence it becomes the most positive and incontrovertible data for 
Historical deduction : as it shows what man has been by his works, and tcachos us 
the important lesson of knowing ourselves, by comparison with our ancestors." 

Nine nunnbers are now ready. 

All Correspoudencey Bojks for /^nu'iw, tff., to he adiresseJ to ** The Editor of 
tht Antiquarian Chronicle and Literary Advertiser^ at the 0jffic9y 

No. 7, RED LION COURT, FLEET STREET, LONDON, E.C. 




THE SCIENTIFIC ROLL. 



7'iiR main {•urfi'ises of this Ma^mzine uro to facilitttte research, and to afford a 
mtdiuui by uuuns of which Sciuntifio emiuiruZB in>»y help each other. 

Th(i tlret ohjoct will bo cifectoil by broadly classifying; the Sciences, and 
^roupiiif; the vuiious items under Specifled lloadiogs, so ns to form a single scries, 
M) arran;j^<'d thiit any licrsDU consultinj; the work will lind collected iu one place 
a ICi-y to the liiemture of the subject cumprised in each UeMUng. 

The seciind object will be etTected by tlie usual method of Questions and Answers, 

Kacli St'ience which is considered will bo subdivided into a number of Sections, 
find ca'*]! buch t^eetil)n will liavo a Port of the Blagazine devoted to it. Tnis 
will enable p.Tsoiis who wisii fur infurmatiuu on a limited range of subjects to 
puioha.se the ixirtion of the Mii^zino relating to it at a small cost i 

The Magazine commiinres with Meteorology, a knowlinjge of which is of prreat 
importaneo t<> many clusses of pei«ple. Tho sailor and the farmer, the doctor au'l 
the invalid, the engineer iintl the emigmut, Oiich and all have frequent reasons (or 
enquiring as t^t what is known on many meteondtigical topics. It is from these, 
as well as from mtteor9logi.sts, tiiat the '* Scientific Roll" seeks for support; and ! 
it is only by nietins of a hirge circulation that the pLin which has been £)nned can I 
be fully carrit-d out. 

Th(> 8ul)ject-maUcr of the earlier parts of tho ** Scientific Roll " will bo aa 
follows : — 

Tart I. (fKSEii.vL. (Rea'ty.) \ Tart VII. IIailfall. t 



»» 



„ II. A'.'fKnis Vaihiiu. inrluding 

Ilr»llI»nT,UKWI'«>lNT.CLOVl»tf, 

1'*«k;.s Mists, Jtc. 

III. lUUOSIKTKIiAIi COSPITIOK. 

„ IV. Cauu'.xic Acid and Chemical 
Rats. 

„ V. DrsT IIazr. 
„ VI. Kill TKUVAL ('ovDTTiox, includ- 
ing TuiNDKItf TUUMS. 



„ VIII. Luminous Rays. 
„ IX. Miasma. 

„ X. OZONB. 

„ XI. Rainfall. 
H XII. SsowrALL. 
„ XIII. TiaiPEnATUUi:. 
„ XIV, Wind. 



*,♦ Xumkr 11 will l»o ready in May, li^sO, price Is. Cd. 



]'' * J. rn„i.,t'!* .V-. i /" (*, ;'*/'••■ r>«-. «'f' ill i"i}'ii\ or (»y. ^r»f/)|fi in ihtth. 
Vnrt II. /.- !i 'I '*-" til' j>>i'-!tri'tin.!, rtvJ mntiiiu^ Xon. 7 /'» l*. }u'frc Iv. avh : .Vo. V'. 
firi'i- It. i'ld. : uifi X'"t. 1 1 imf 12. irUi'-'i icill n^iinni' in tin:' cwi-.H'. 



i:jioh of th.sc Tarts will relate to the subject gencRilly. Tho Tarts following 
thCffO will d«':il with tho Climate of each countiy. • | 

It shonhl Ih' lionie in mind that Climate only is dealt with in these Parts, sn j 
that iH-rsrms wishing for intormalion as Ut tho physical and other propertiis r-f i 
A«iuiMius VajM^ur, or ot the Slrueture of a Hailstone, or us to how a Ban>meter i.N 
formed, niav not tind anvtlii!!*:. beiwise tho pn>i)er place for such details is un»ler | 
other hH-<?ti"nns of the »' Sc'uiititio Roll." Thus all tho details relating to Aqueous ; 
Vaponr whi«Mi an* not dim liie will be found in tlie ^ectiou which will be devotiil 
to Water, h1u»uM the ** SoleMtilie Roll" roach that stiigo. Again, tho formation of • 
Rarnineters. and other IMeteoi-ulogieal Instruments, have their place iu the classilic-a- ; 
tion here ado|it> d under M.m. j 

The M.t« on logical Section of the ♦• Scit-ntiflo Roll" is, then, not an i»(»latctl j 
fra^rment, but the i»rineii»leH npon which it is o«»r»ducted are Iwsed upju » clasaitica- 
tion which has lK»n aiii»lieil ti all tisc Natnral History Sciiinces. Ihe Systeiikitized 
X.itrr* Si'henie i.s n(»t a ni.'ie eru«le iiro|K).«<jd, but it is one that lias already been 
practically ajiplied over a \f ly large liiM of kiiow ledge. 



LOklA'.N: ISiMl.l' liY WH:!AV •. •. Wl-t am- -'5-. r.'Mlll.;'. MAMf.-lll; rtULET axd cuakixg cn-e*. 
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AND 




iiga^inc of Sgstcinali^ttJ |latcs. 



CONDUCTED BY 



ALEXANDER EAMSAY, F.G.S, 



CLIMATE. 

VOL. I. 

Part II.— Aqueous Vapour. 



The rcTerent study of nature derelopi that firmness of faith and 
unswerving ardour which cuabk-s the true scientist to accomplish his 
purpose against obstocloe and diliicnlties which baiBe most other classes 
of men. 



fivLhlii^ttt tav tf^£ ISroprtctar ftp 
J. XL FENNELL, 7, RED LION COUBT, FLEET STfiEET, LONDON, E.a 



[AH rufhit reterteJ,'] 



7b Authors^ PubliaherSj Librarians^ Committees of Scientific 

Societies^ and Scientists generally. 



rriHE Condtictor solicits help in the piOBeontion of the task 
-^ which ho has undertaken. 

Anthers would afford aid by favouring him with lists of the 
articles and books written by them, specifying the dates of pnblioa- 
tion, and in the case of papers the days on which they were read 
before the several Societies. Still more valuable help would be 
given by their forwarding copies of their literary prodnctionB. 
These would be returned, if required, after they have been read. 

Publishers would oblige by sending Catalogues of their scientifio 

publications. 

Librarians would afford assistance by obliging the Conductor with 
Catalogues of the libraries under their charge, more especially snch 
as have the titles arranged according to subjects. 

The Committees of Societies are asked to send copies of their 
transactions, for which copies of the " Scientifio Eoll " will be 
returned in exchange. 

And Scientists generally could help by bringing the existence of 
the work to the notice of their acquaintance, more especially those 
who reside in out of the way places. 

Prospectuses and samples of the ** Scientific Eoll " will be forwarded 
to any persons willing to give such assistance. 



/Publishing MontJily^ Price Sixpence; or sent free by Book Post on 

receipt of Six Stamps. 



FENNELL'S 



ANTIQUARIAN CHRONICLE 



AND 



S^itcriiriT §.bb crtiscr. 



This Journal is devoted to the Illustration of the following interesting and 
instructive subjects : — 

iancfcnt iLlistorB, 

^3opuIar gtntiquftits. 

IScmmtscences of CTclEbrateli places. 

^opogtapjbs nnif 'OTopograpftcrs. 

OIH iilanncrs, (ITustoms, Sports, anD pastimes. 

Old MottrSy ^robetbs, anti ^btases. 

Jpolfe Hort ana g^upcrstitions. 

O^Itr ^utjbors, Artists, anti CToUectors. 

33f1)IiograpbQ and 33tbIiograpbcrs. 

HtbtartcS) iHluseums, Sxbtbittons, anti ^b^atres. 

Bcbictos of iBttb3 33oofis, Jpfite ^tts^ iSlustc, ^. 



The Antiquarian Chronicle contains Disquisitions and Essays on 
ancient topics, old and hitherto unpublished records, and curious gleanings on 
special subjects, obtained from numerous sources that have been very much 
neglected, inducting rare old newspapers and the earliest magazines, metropolitan 
and local. In favour of a work of this kind we need only quote the words of that 
eminent antiquary, John Britton: — 

''If the Study of Antiquities be judiciously pursued and tastefully directed, it 
tends to develop the fluctuations of Science, Art, and Literature : it carries the mind 
back to remote ages, and displays the conditions, customs, and manners of men in 
former times. Ilcnce it becomes the most positive and incontrovertible data for 
Historical deduction : as it shows what man has been by his works, and teaches as 
the important lesson of knowing ourselves, by comparison with our ancestors.*' 

Eleven numbers are now ready. 

AH Correspondence^ Books for Review^ 4rc.t to be addressed to *' T^e Editor of 
thi Antiquarian Chronicle and Literary Advertiser^'' at the 0jffic9, 

No. 7, RED LION COURT, FLEET STREET, LONDON, E,C. 
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